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THE CONCENTRATION OP HISTAMINE IN THE
BRAIN, HYPOPHYSIS ANSI BLOOD OF THE RABBIT
1.
SECTION 1
REVIEW OF PAST LITERATURE
lA HISTAMINE IN BRAIN
The study of histamine in the nervous system
"began when Lewis and Grant (192b-) observed the effect
of a minute quantity of the amine pricked into the
skin. The response was in every way identical with
the triple response of local injury. On the basis of
this analogy, Lewis (1927) proposed that the response
was due to the release in the skin of a substance
similar to histamine. The flare seen in the second
stage of the response was attributed to an axon reflex
which occurred through the action of histamine on
sensory nerves in the skin. The disappearance of the
flare after nerve degeneration and the extraction
from the skin of a substance with the pharmacological
properties of histamine, provided the main evidence
for this hypothesis (Lewis and Grant, 192b).
These observations raised the question whether or
not sensory nerves contained histamine which could be
released on stimulation. The presence of histamine ifi
the nervous system of mammals was first demonstrated
by Kwiatkowski (19b3)« He found that most of the
histamine resided in the peripheral nerves and that
la
.Tfcfrle, I
Regional, distribution gf histamine la frrela«—Estimated concentrations (neAA aa reported by various authors.
Whole brain Brain-stem Hypothalamus Thalamus Midbrain Pons-medulla Cereb ralcortex Cerebellum
Caudate
nucleus
Man 2500 (17) 400 (17) 250 (17) 900 (17) 200-400* (17)
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Table to be continued.
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Cattle 100-70(4) 1QQQ* (4) 500 (22) 2000-3000* (3) 20 (5)
Frog 35Qjt30 (22) 760 (22) 310 (22)(optic lobes;
290 (22) 60 (22)
Chick
(1-21 days old) 120 (24)
70, 90 (24) 90, 110 (24) 50, UO (24) 110, 200 (24)






range of concentration® in different parte
values given in terms of hiEUimine-dlhyarochlorlde
* One value*
All the above results were obtained by biological assay except in ref. nos* d, 9# U# 12* 15# 17# 16* 21 and 23 which were assayed by chemical methods.
Result© of (22) were assayed by isotopic-enzymatic procedure.
Kwiatkowski# 1943
Cleardo and Stoppani, 1949.
Werie and Weickeny 1949.
Euler, 1950*
Harriet Jacobsohn and Kahlson, 1932.
Stronger® and Maos, 1956.
West, 1957.
Clouet* Gaitonde and Kichter# 1957.
Shore t Burkhalter and Colin, 1959.
Szeber6nyi and Kovncs, 1959.
Waalkes, Coburn and Terry, 1959.













Carlini and Green* 1963*
Ungar and //itten, 1963.
Moron and Westerhola, 1963.
McGeer, 1964.
Green and Brickson, 1964.
Adam end Hye, 1966*
Croesland, Woodruff and Woodruff#
Kremzner and Pfelffer* 1966.





in the central nervous system the quantity was small
and often not detectable. Later, Harris, Jacobsohn
and Kahlson (1952) reported that brain adjoining the
hypophysis was rich in histamine. Thus in the dog,
cat and pig, the concentration was high in the
hypothalamus, notably in the eminentia medial
elsewhere in the brain it was too low to be detected
by their method.
Other workers have since reported the presence
of histamine in the brain of various species (Table I),
Values for the concentration are seen to differ
widely depending on the method used to estimate
histamine. For example, Shore, Burkhalter and Cohn
(1959) employed a sensitive spectrofluorometrio
method of assay and found in the dog and rabbit that
the concentration of histamine was more or less the
same in different parts of the brain. The use of
refined biological methods, however, led to a
different conclusion, namely, that in the dog (Adam,
1961) and cat (Adam and Hye, 1966) histamine was
unevenly distributed in the brain. Thus, the
concentration was highest in the hypothalamus,
intermediate in the thalamus and midbrain and lowest
in the pons, medulla and cerebral cortexi none was
detected in the cerebellum or white matter. As
3
pointed out lay these authors, the concentration of
histamine in different parts of the "brain was roughly
similar to that reported for noradrenaline (Vogt,1954)
and 5-HT (Amin, Crawford and Gaddum, 195^).
1/2 HISTAMINE IN THE HYPOPHYSIS
The isolation and chemical identification of
histamine in the hypophysis is due to Abel and Kubota
(1919) who extracted it from bovine glands. Estimates
of its concentration in different parts of the gland
were not reported until much later (Harris et al,1952).
The high values encountered in the stalk led to a
reinvestigation of the occurrence of histamine in
brain. In the species studied, the values obtained
for the hypophysis were high and varied within wide
limits ^Table 2). These findings were later
confirmed and extended for the dog (Adam, 19&1) and
cat (Adam and Hye, 1966), where it was also shown
that in the stalk and posterior lobe a proportion of
histamine derives from mast cells. It v/as
conceivable, therefore, that the variation in histamine
concentration might depend on the number of mast
cells present in the gland.
3a
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Rat 0.17 - 0.61 11 n
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1/3 MAST CELLS IN THE NERVOUS SYSTEM AND HYPOPHYSIS
ffftrlPteral flftrvsfi. Mast cells are common in
many tissues of higher vertebrates and are a rich
source of histamine. Their presence in the
peripheral nerves and apparent absence in the CNS may
explain the difference in concentration of histamine
in these two parts of the nervous system. It is
still not known how much histamine in peripheral
nerves derives from mast cells (Gamble and Goldby,196lf
Gamble, 19&4J Ashhurst and Richards,19&j.). In the
rabbit and cattle, only part of the histamine
extractable from peripheral nerves is in mast cells
(werle and Schauer, 1956). These workers found that
although histamine and mast cells are plentiful in the
splenic nerve of cattle, the vagus nerve contains
much histamine yet few mast cells. Findings on the
subcellular localization of histamine in peripheral
nerves suggest that the amine also resides in cells
other than mast cells. Most of the histamine in
mast cells is contained in particles of a higher
density than mitochondria (Hagen, Barrnett and Lee,
1959 i Green and Furano, 1962 j Lagunoff and Benditt,
1963)» whereas histamine present in homogenate of
splenic nerve of cow is found in the supernatant,
(Euler, 1958). Moreover, compound U8/8O, which
5
disrupts mast cells, released only a small proportion
of histamine in peripheral nerves (Peldherg and
Greengaard, 1956). Kwiatkowski (19h3) did not
observe any consistent change in the histamine content
of the sciatic nerve of rat and cat after nerve
section. Similar results were reported by Werle and
Weicken (19h9) and Werle and Palm (1950). Hence, it
would seem that histamine is not present in nerve
axons.
Brain. Mast cells have not been found in the
brain of mammals (Zimmerman, 1908j Gray, 1935 f
Constantinides, 1953; Riley and west, 1955; Padawer,
1957| Nepryskhin, 1960| Adam, 196I1 Kelsall and Lewis,
196hI Adam and Hye, 1966), but have been located in
the meninges of rat (Waldeyer, 1875f Wislocki and
Leduc, 1952), in dog's choroid plexus (Tsusaki,
Eriguchi and Kojo, 19511 Adam, 1961) and in the
connective tissue around blood vessels near the
lateral and third ventricle in the brain of hamster
(Kelsall and Lewis, 1962+)* The hedgehog seems to be
the only mammal to contain mast cells within its
brain substance (Krabbe, discussion to Quensel,1928).
As in the dog and cat, mast cells have not been
detected in the rabbit brain (Gonstantinides, 1953).
Hypophysis. Mast cells are present in the
6
hypophysis of dog (Arvy and Quivy, 1951| Adam, 1961)
and cat (dray, 1935* Adam and Hye, 1966). In these
two species mast cells were found in all parts of the
hypophysis hut mostly in the posterior lobe and pars
tuberalis of the adenohypophysis, where this forms
part of the hypophysial stalk (Adam, 1961| Adam and
Hye, 1966). These authors suggested that histamine
extractable from the posterior lobe and pars tuberalis
probably derives from mast cells. The anterior lobe
(pars distalis) differs from the other parts of the
gland in that it contains more than half of the
histamine extractable from the entire gland, but only
a small portion of the mast cells. It is therefore
probable that in this part of the gland some of the
histamine resides in cells other than mast cells.
The results obtained with compound i+8/8o are
consistent with this view (Adam and Hye, 1966).
lA SUBCELLULAR DISTRIBUTION OP HISTAMINE IN BRAIN AND
HYPOPHYSIS
Little is known about the subcellular
distribution of histamine and its localization in cellu
of the brain. Since histamine is not associated with
mast cells, it must be present in some other type(s)
of cell.
7
In brain of guinea pig# dog (Michaelson and Dow,
1963* Michaelson Coffman, 1967) and rat (Garlini and
Green, 1963) the amine is present in particles which
are much smaller and less dense than those found in
mast cells. Michaelson and Dow (1963) reported that
most of the 'hound' histamine in dog's hypothalamus
sedimented with crude mitochondrial and microsomal
fractions, whereas most of the hypophysial histamine
was contained in particles which, like mast cell
particles, sedimented in the low speed nuclear fraction,
Suhfractions of hypothalamus which contained a high
proportion of the total histamine were also shown by
electron microscopy to contain large numbers of
pinched-off nerve endings or synaptosomes. Recent
reports confirm these findings (Katoka and De Robertis[
1967): histamine in the rat brain occurs in sub-
fractions containing small nerve endings and synaptic
vesicles which were identified by electron microscopy.
The subcellular distribution of histamine in
brain resembles that of acetylcholine (Hebb and
Whittaker, 1958; Whittaker, 1959) and 5-HT (Whittaker,
1959; Michaelson and Whittaker, 1963) and is quite
unlike that of histamine in mast cells (Hagen et al,
1959; Green and Furano, 1962). These observations
8
support trie conclusion (Adam, 1961) that histamine in
brain is not in mast cells.
1/5 HISTAMINE IN BLOOD
It was generally supposed that most of the
histamine in blood appeared in the leucocytes,
particularly the eosinophil (Code, 1952). Later
Graham, Lowry, Wheelwright, Lenz and Parish (1955)
demonstrated that about half of the histamine in
normal blood was contained in the basophils. In man,
the basophil is the predominant and perhaps the
exclusive carrier of histamine in peripheral blood
(Valentine, Lawrence, Pearce and Beck, 1955). In the
dog and to some extent in the guinea pig, histamine is
found mainly in the eosinophil (Code and Mitchell, 1957).
In the rabbit, however, not only is the blood
histamine higher than in other species, but the
histamine is carried mainly in the platelets (Minard,
1937; 1941; Zon, Ceder and Crigler, 1939; Humphrey and
Jaques, 1954). (Table 3).
Like mast cells (Cchayer, 1956a) the rabbit
platelets are a rich source of histidine decarboxylase
(Schayer and Kobayashi, 1956). When the platelets
8a
Table 3
Estimates of concentration of histamine in the
rabbit blood (jig/ml) as reported by various authors
Whole blood
9.6 - 12.0 (Barsoum and Gaddum, 1935)
0.6 - 2.7 (Code, 1937a)
0.2 (Riesser, 1937)
7.3 (Tarr?s-Wahlberg, 1937)
1.0 - 3.8 (Zon, Ceder and Crigler, 1939)
0.5 ~ 2.3 (Dragstedt and Rocha e Silva, 191+1)
1.8 - 5.0 (yiinard, 19Ul)
0.9 - 8.6 (Wilson, 19hl)
2.U - 3.8 (Rocha e Silva and Essex, 19b2)
0.07 ~ 2.8 (Rocha e Silva, Grana and Porto, 19U5)
0.1+ - 3.2 (Grana and Rocha e Silva, 19^5)
2.5 " U.5 (Emmelin, lQi+5)
2.2 - 3.5 (Code, Dews and Higgins, 1953)
1.2 - 2.9 (Weissbach, Waalkes and Udenfriend, 1958)
1.8 - U.9 (Shore, Burkhalter and Cohn, 1959)
1.6 - 1+.0 (Waalkes, Coburn and Terry, 1959)
Plasma
0.02 - 0.056 (Code, 1937b)
0.002 (Humphrey and Jaques, 195U)
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are incubated with 1 4C-histidine, they form histamine
and bind it in stable condition. The platelet*
enzyme shares the properties of histidine decarboxy¬
lase and aromatic L-amino acid decarboxylase (Schayer,
1966). Like the decarboxylase from rabbit and
guinea pig kidney, it combines firmly with the
coenzyme, pyridoxal phosphate (Schayer, 1959)i
optimum activity is in the range pH 7*2 - 7»k$ or
midway between the pH optima of the two enzymes.
The enzyme appears to be specific for histidine,
since rabbit platelets do not synthesize 5-HT
(Gaddum and Giarman, 1956* Udenfriend, 1953). The
concentration of 5-HT in rabbit blood is similar to
that found for histamine (Table i+).
HISTAMINE FORMATION IN BRAIN AND HYPOPHYSIS
Mammalian decarboxylase (DC) for histidine was
flrBt demonstrated by Werle (1936), Holtz and Helse
(1937) end Werle and Herrmann (1937)* The highest
activity was found in the rabbit and guinea pig
kidney. Further evidence was obtained by Schayer
(1952) and Waton (1956).
Decarboxylases for hiatidlne. Animal tissues
9a
Table it-
Estimates of concentration of 5-HT in the rabbit blood
(pg/ml) as reported by various authors.
ZjhQl? "frlQPfl
3.5 (Shore,Pietscher,Tomich,Kuntzman and Brodie,1956)
h.O - 6.0 (Weissbach, Waalkes and Udenfriend,1957,1958)
3.2 - 6.0 (waalkes and Coburn,1959)
3.3 - 6.0 (waalkes, Goburn and Terry,1959)
Serum
1.8 - 5.6 (Erspamer,195h)
3.3 - 10.0 (Davis, Meeker and Bailey,1961)
Platelet-freQ plag^a
0.01 - 0.07 (Karki, Paasonen and Peltola,i960)
0.05 - 0.10 (Waalkes and Coburn,1959)
0.002 (Humphrey and Jaques,195U)
10
contain at least two enzymes which can decarboxylate
histidine. The relative importance, distribution and
role of these enzymes in the formation of histamine is
not yet clear. Properties attributed to the enzymes
are summarized in Table 5.
(a) Mast cells, rat stomach, rat hepatoma and
certain rapidly-growing tissues contain decarboxylase
which has a high affinity, and is specific for
L-histidine.
(b) The DC from rabbit and guinea pig kidney has
low affinity for L-histidine, as compared with L-5-HTP
and L-DOPA. This*non-specific1 DC has been
designated by Lovenberg, Weissbach and Udenfriend
(1962) as 'aromatic L-amino acid decarboxylase*. It
is still not clear whether this DC consists of one or
more enzymes. There is evidence to suggest that
decarboxylation of several aromatic amino acids,
including histidine, is by a single enzyme (Westermann,
Blazer and Knell, 1958j Yuwiler, Seller and Eduson,
19591 Rosengren, 1960| Ganrot, Rosengren and Rosengren,
1981; Lovenberg et al, 1962). But Clark, Weissbach
and Udenfriend (195h) claimed to have separated the
5-HTP DC from DOPA DCj and Werle and Aures (1959)
reported the separation of a DC for histidine from
DOPA DC.
TalUe ,5
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(a) In vitro: Brain of cattle (Holtz and
ftestermann, 1956), rat (Schayer, 1956b? Kahlson,
Rosengren, Westllng and >»hite, 1958; Lovenberg et al,
1962), pig and cat (white, 1959) has been shown to
decarboxylate histidine. DC activity was highest in
the hypothalamus and least in the cerebral cortex and
cerebellumj the newly-formed histamine appeared to
be loosely 'bound', since the greater part was found
in the supernatant after centrifugation (white, 1959).
Adam, Hye and Waton (196h) have confirmed the presence
of DC for histidine in cat hypothalamus. Although
DC enzyme from various tissues has been extensively
studied, little is known about the DC enzyme of brain.
The pH of the incubation medium used in some in vitro
studies was 7.h (Kahlson et al, 1958j Schayer, 1962),
which is midway between the pH optima of the two
enzymes shown in Table 5. lovenberg et al (1962)
studied the substrate specificity of a partially
purified DC enzyme from dog brain stem. They found
that several amino acids, Including histidine, were
decarboxylated by this enzyme preparation at pH 9*0.
The relative rates of activity towards the various
amino acids were similar to those obtained 'with rabbit
12
kidney enzyme. Although these authors did not study
the effect of inhibitors on brain DC, they concluded
that it was similar to the kidney enzyme.
Little is known about the formation of histamine
in the rabbit brain either in vitro or in vivo.
werle and Krautzun (1933) incubated rabbit brain with
histidine but were unable to detect the formation of
histamine. Recently, however, it has been shown tha^
when the hypothalamus from cat or rabbit i8 incubated
with 14C-histidine, histamine formation take3 place a
pH 8.0 but not at pH 6,0 (Adam, Hye and Waton,
unpublished results).
(b) jn vivo: Formation of 1 ^C-histamine in cat
brain has also been demonstrated after intraventricul&
administration of '4C-histidine (White, 19o0j Jonson
and White, 196h). Since histamine is not known to
enter from blood into the brain (Halpern, Neveu and
Wilson, 1959l Adam et al, 196k; Snyder, Axelrod and
Bauer, 196hj Snyder and Axelrod, 1965), it can be
concluded that histamine contained in brain is formed
locally. 'This assumption would imply that imidazole
N-methyl transferase in brain, together with histidinp
decarboxylase is concerned with the physiological
13
regulation of local histamine turnover * (Kahlson
and Rosengren, 1965).
3,tu.a,i^., Qh hypophysis
In the dog and cat some of the hypophysial
histamine is presumed to derive from mast cells,
since these cells were shown to "be capable of
decarboxylating histidine (Schayer, 1956a; Hagen,
Weiner, Ono and Lee, I960; Weissbach et al, 1961;
Day and Green, 1962). Adam et al (1961+) were unable
to detect DC activity in cat's hypophysis when
incubated with 14C-histidine for 3 hr. Again, after
intravenous infusion of 14C-histidine in the cat,
1 "^C-histamine was detectable in the brain but not in
the hypophysis. These findings are in agreement
vfith the slow turnover rate of histidine to histamine
in mast cells (Schayer, 1952).
1/7 CATABOLISH OP HISTAMINE IN BRAIN AND HYPOPHYSIS
Diamine
Best and McHenry (1930) were the first to detect
the enzyme histaminase in mammalian tissues; they
regarded the enzyme as being specific for histamine.
Later, Eeller (1938) reported that animal tissue
preparations were able to destroy by oxidative
Ik
deamination not only histamine but also diamines; he
therefore substituted the term 'diamine oxidase'
(DAO) for hlstaminase. On the basis of in vitro
studies histaminase is identified by some workers
with DAO (Tabor, 195h; Seller, 1938; Seller, 1985),
while others maintain that there are two distinct
enzymes (Kapeller-Adler and Renwick, 1956; Blaschko,
Friedman and Kilsson, 1958; Kolb, 1956). The
subject has been frequently reviewed (for recent
reviews, see Seller, 1965; Buffoni, 1966). In both
cases the reaction product is the same. In this
review the two terms are used interchangeably.
The main product of oxidation by DAO is imidazole
acetic acid (ImAA) (Tabor, 1951). IraAA is also
excreted in the form of conjugate with ribose when
large doses of histamine or ImAA are given to rats
(Karjala, 1955; Tabor and Hayaishi, 1955).
The brain displays very low DAO activity, if any
(Seller, Birkha&ser, Mlslin and Wenk, 1939; 3irkhause
19^0; Cotzias and Dole, 1952). Gotzias and Dole
(1952) reported the presence of low DAO activity in
the brain of rat and mouse, but the activity was not
detected in rabbit and guinea pig brain. These
findings were later confirmed by Burkard, Gey and
15
Pletscher (1963) incubated 1 *C~putrescine and
cadaverine with brain homogenate from four rodent
species; degradation of diamines could not be
detected. When 1 *C-histamine was injected into the
perfused cerebral ventricles of the cat, IaAA was not
detected in the perfusate (White, i960).
ie thy?, a tip* eagyrog
Originally it was believed that PAO was the
only enzyme responsible for the catabolism of
histamine (zeller, 1951; Tabor, 195^+j. However, it
was later shown that a major pathway for histamine
catabolism in mammals is by methylation in the
imidazole ring to yield I-methyl-h(p-aminoethyl)
imidazole (l,h-methylhistamine; MH) (Schayer, 1956b;
Schayer and Karjala, 1956; Schayer, 1959; Brown,
Tomchick and Axelrod, 1959)*
Properties of the methylating enzyme (imidazole-
N-methyl transferase; INMT) have been studied in vitr6
(Lindahl, 1958a; 1958b, 1958c, i960; Brown et al,1959|).
In both liver and brain, the enzyme activity is in
the soluble cytoplasm (Brown et al, 1959; Lindahl,
i960) and appears to be specific for histamine. The
methylation of histamine requires S-adenosy1-methionifie
(Brown, Axelrod and Tomchick, 1959; Lindahl,i960),
16
which is present in "brain (Baldessarini and Kopin,
1963)* MH has been shown to inhibit methylation of
histamine in vitro (Brown et al, 1959} Lindahl,i960).
Formation of MH and its oxidative product, I,h-
methylimidazole acetic acid (MelmAA; has been
demonstrated in cat brain by the use of isotopic
methods, both in vitro (White, 1959) and in vivo
(White, 196(3} Jonson and White, 196k)» Mammalian
brain is rich in methylating enzyme (INMT), and the
highest activity was found in the guinea pig brain
(Brown et al, 1959). The regional distribution of
INMT has been studied in the brain of monkey: the
activity was highest in the hypothalamus and
hypophysis (Axelrod, MacLean, Albers and Weissbaeh,
1961), In rabbit brain INMT has been found in the
brain stem, midbrain, cerebellum and cerebral cortex.
(Brown et al, 1959).
X,^-MothyWfltactinq. This was synthesized
(Pyraan, 1911) and its activity on isolated organs
described (Lee and Jones, 19h9) before its isolation
from mammalian tissues. '""C-MH appears in urine of
rabbit and other species after the administration of
1^C-histamine (Schayer, 1956b). MH has been detected
in brain of guinea pig, rat, rabbit and monkey (Fram
17
and Green, 1963) and cat (Perry, Hansen, Foulks and
Ling, 1965* White, 1966), but not in the cerebrospinal
fluid (Perry, Hansen and Jenkins, 196h). The
concentration of MH in guinea pig brain was found to
be in the range of h5-75 ng/g (Pram and Green, 1965).
In the thalamus, caudate nucleus and nmesencephalon
of the cat, the concentration of both histamine and
MH were approximately equal; the mean values ranged
from 270 ng/g in the mesencephalon to 560 ng/g in
hypothalamus (white, 1966),
Although histamine has a low affinity for
monoamine oxidase (MAC) (teller, stern and Blankama,
1956| Lindell and Westling, 1957), MH is catabolized
by this, or a closely related, enzyme (Schayer and
Kobayashi, 1956; Lindell and Westling, 1957> Rothschild
and Schayer, 1958; Davison, 1958)* Inhibition of MAC
prevents the formation of MelmAA in brain (White,i960)
and other tissues (Kobayashi and Schayer, 1956j
Lindahl, 1958a; Lindell, Rilsson, Roos and Westling,
I960). When the cerebral ventricles of the cat were
perfused with l4C-histaraine, MH and MelmAA appeared
in the perfusate (White, I960); it was also observed
that histamine introduced in this way was methylated
to a greater extent than histamine which was formed
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from histidine administered in the same manner.
The question arises whether methylation in the
ring converts histamine into a substance which acts
on specific receptors in the brain or whether it
represents only the first step in the inactivation
of histamine. Hot much is known about the effects
of
of MH on the brain (S.'/i t ) or/its localization in
the cell.
MoaaaaJLas pxiappe
In rat brain the major metabolite of histamine
was ImAA and only 3mall amounts of MH were formed
after the intraventricular injection of 3H-histamine
(Snyder, Glowinski and Axelrod, 1966). This finding
agrees with the relatively low activity of INKT in
rat brain (Brown et al, 1959)* Since inhibition of
MAO retarded the disappearance of labelled histamine
in rat brain, it might be argued that histamine was
metabolized predominantly by MAO (Snyder et al,1966),
pjhpr rpu-fresi Qf aatabaliai
Other histamine catabolites have been reported
in the mammalian brain. Robinson and Green (1965)
found ImAA riboside and ImAA ribotide in the rat
brain after the injection of 1 *C-histidlne. Snyder
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et al (1966) obtained no evidence for the formation
of these catabolites after the intraventricular
injection of 3H-histamine.
Certain enzymes catalyse the interaction of
histamine either with diphosphopyridine nucleotide
(Alivisatos, 1953) or with triphosphopyridine
nucleotide (Abdel-Latif and Alivisatos, 1931), thus
leading to the formation of di- and triphosphohista-
mine nucleotide. These compounds were not detected
in rat brain after the administration of 14C~histidii|
(Robinson and Green, 1935).
1/8 UPTAKE OP HISTAMINE BY BRAIN AND HYPOPHYSIS
In vitro. Subcellular fractions of rat brain
which contain histamine also take up the amine.
The uptake of histamine in vitro by nerve ending
particles and microsomes was similar to that of
5-HTj as were the concentration ratios of 5-HT and
histamine between particles and media (Robinson,
Anderson and Green, 1935). ATP and magnesium ions
failed to stimulate uptake of 5-HT by nerve ending
particles, which suggests that the uptake was not an
active metabolic process. The uptake of histamine
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by brain fractions was considered, to be non-specific
under the conditions of the experiments (JSobinson et
al, 1965). Brain slices take up L-histidine more
efficiently than do other tissues and in preference
to several other amino acids (Neame, 1961; 1962),
Brain slices also take up histamine, but to a lesser
extent than histidine (Neame, 196*0*
In vlvp. ' ^C-histamine injected in the cerebral
ventricles of the cat is taken up by brain and
-
catabolized (White, I960)* After the injection
of 500p.g of histamine base intraventricularly, some
of the amine appeared in the blood stream (Bhawe, 1958)t
When the cerebral ventricles were perfused with a
solution containing histamine (for 1 hr), some
diffused into the brain and more was found in the
grey matter than in white matter (Braskosi, Feldberg,
Fleischhauer and Haranath, I960). When 3H-histamine
waB administered intraventprrcularly in the rat, it
was taken up and retained in the brain, from which
it disappeared at first rapidly (half-life 1.6 hr
from 1 to 6 hr) and then more slowly (half-life Hhr
from 6 to 2*4hr)(Snyder, Glowinski and Axelrod, 1966).
This is in marked contrast to the fate of exogenous
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histamine in peripheral tissues (Snyder, Axelrod and
Bauer, 19&J-)• retention of radioactive histaming
in the brain suggests that it could be hound in a
fashion which protects it from rapid enzymatic
destruction (Snyder et al, 1966). Labelled histamin^
in brain was associated -with the 'nerve-ending' and
the 'microsome myelin' fractions. Very little amine
was found in the mitochondrial fraction or in nuclei
and debris. In contrast, 3H-ImAA v/as essentially
confined to the supernatant. But when unlabelled
brain was homogenized with radioactive histamine and
then fractionated, almost all radioactivity was
recovered in the supernatant (Snyder et al, 1966).
After the intravenous infusion of 1 *C-histamine
in the cat, some was found in the hypophysis,
especially in the anterior lobe, but none was detected
in the hypothalamus or area postrema (Adam et al,196h
3. 1/6). Thus it appears that the hypophysis is
able to take up exogenous histamine but is unable to
form it from isotopic histidine; in contrast, the
hypothalamus is unable to take up histamine from blood
but is able to decarboxylate histidine. In the rat,
Halpern
Xfreveu and Wilson (1959) reported that labelled histamine
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penetrated into all the tissues examined except the
brain. However, other workers (Robinson and Green,
196U| Snyder, Axelrod and Bauer, 196h| Snyder and
Axelrod, 1965) found that minute quantities of
histamine are taken up from blood by the rat brain,
but that none penetrated the mouse brain (Snyder
et al, 1961+1 Snyder and Axelrod, 1965).
FATE OF HISTAMINE IN THE RABBIT
It has long been known that rabbits can tolerate
the infusion of large doses of histamine! since
only a small amount was found in the urine, it was
presumed that most of the histamine was destroyed
(Oehme, 1913l Guggenheim and L^effler, 1916), In
1929, Best showed that many tissues of the body were
capable of inactivating histamine £ji vityo. Later
it was found in various species that histamine
disappeared rapidly from blood (Dragstedt and Mead,
19351 Rose and Browne, 193$! Alexander, 19U&!
Emmelin, 195l)» Little is known about the distribu¬
tion of histamine in rabbit tissues. Minutes after
the intravenous injection of the amine in the rat,
the greatest concentrations were found in the kidney,
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heart, liver arid lung (Halpern et al, 1959) > a
distribution that appears to reflect, in part, the
blood flow (Green, 1967). The persistence of
histamine in the spleen may be partly due to its
content of platelets{ platelets from man (Weissbach
andRedfield, i960), dog (Weissbach, Bogdanski and
Udenfriend, 1958) and rabbit (Markwardt, Barthel and
Glusa, 1966) have been observed to take up histamine
in vitro. Histamine seems to enter the platelet
membrane by passive diffusion. This process was
not inhibited by local anaesthetics (Markwardt et al,
1966). Most of the histamine taken up by tissue is
eatabolized (Schayer, 1966). The cells responsible
for the uptake are not known. However, histamine
can be taken up by red cells and the white cell
fraction of human, dog and rabbit blood (Anrep,
Barsoum, Talaat and Weininger, 1939; Lindell and
Viske, 1961).
According to Hose and Weil (1939), the blood
histamine of the rabbit fell invariably during
anaphylaxis and only seldom did a transient increase
in plasma histamine occur. Further, when histamine
was injected during the anaphylactic reaction, the
2h
concentration of the amine did not rise in the whole
blood or in the plasma; it was therefore concluded
that a mechanism exists for the removal of large
quantities of histamine from plasma (Rose, 19hl).
In the rabbit, histamine is metabolized by-
oxidation and by methylation to approximately the
same extent (Schayer, 1956b). After subcutaneous
injection of '4C-histamine, Schayer found MelmAA
and ImAA riboside as the main catabolites in urine.
This was in contrast to the findings in the cat and
dog where the main route of metabolism of injected
histamine is by methylation.
1/10 METABOLISM OF HISTIDINJS
The metabolism of histidine has been reviewed
by Tabor (195h). The major pathways of L-histidine
utilization are (a) incorporation into proteins,
(b) excretion in urine and (c) degradation; the
last r is mainly by histidase and amino acid oxidase
and quantitatively is the most important (Tabor, 19541)
Within one hr after i.v. injection of isotopic histij-
-dine in mice, about one third of radioactivity was
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found in the expired CO (Borsook, Deasy, Haagen-Smit,
2
Keighley and Lowy, 1950).
Little is known about the fate of histidine in
the rabbit. Urocanic acid has been isolated from
rabbit*s urine after the administration of histidine
(Kiyakawa, 1933i Darby and Lewis, 1942)I this finding,
however, was not confirmed {Sdlbacher, 1943, quoted
by Tabor, 1954)*
Information on metabolism of histidine in brain
is also meagre. Values have been reported for the
concentration of free histidine in the whole brain of
several species (9 to 25 pg/g)f imidazole compounds
that have so far been identified in mammalian brain
are given in Table 6. Robinson and Green (1965)
identified imAA riboside and ribotide in rat brain
after parenteral administration of '^C-histidine
(S.l/T). Carnosine (p-alanylhlstidine) (Abraham,
Pisano and Udenfriend, 1961), homocarnosine (gamma-
aminobutyrlhistidine) (Pisano, Abraham and Udenfriend,
1963), I- and 3-*N-methylhistidIne (Tallan, Moore and
Stein, 1954) and ergothioneine (betaine of thiol-
hlstidine) (Crossland, Mitchell and Woodruff, 1966)
26
have been found In mammalian brain (fable 6). In
rat brain, Brown and Kies (1959) were unable to detect
urocanase activity or the formation of hydantoin
propionic acid. When rats were given histidine by
i.v. injection (Friedberg and Greenberg, 1967), the
amino acid was highly concentrated by liver and kidney
less so by skeletal muscles and not at all by brain?
80 to 90 per cent of histidine was removed from blood
plasma within 15 minutes. Despite an apparent
barrier to the uptake of histidine by brain, the free
amino acid content of brain in untreated rats was
found to be 7 times as great as that in plasma.
Kamin and Handler (1951) reported small but significan
increment in the concentration of histidine in dog
brain after continuous i.v. infusion of the amino
acid. Decarboxylation of histidine in brain has
already been discussed (8,1/6).
L/ll PHYSIOLOGICAL SIGNIFICANCE OF HISTAMINE IN BRAIN
'Histamine in the CIS has been ignored for a
long time by several investigators as a second-class
amine. But this amine, however annoying the fact
may be, has the same citizenship rights in the CNS as
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Clou t et al,1956.
Imidazole acetic
acid * rat Snyder et al,1966.
Imidazole acetic
acid riboside and
ribotide. f rat obinson and Green,196f
1- and 3-Methyl-





Pisano et al, 1963
Carnosine oa for homocarnosine Abraham et al,196l
Ergothioneine mouse, rat, guinea
pig, rabbit, cat,
sheep. Grassland et al,1966
■C
* Identified after the administration of labelled histamine
t Identified after the administration of labelled histidine.
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catacholamines and 5-HT, whose function in the CNS is
approximately as obscure as that of histamine"
(iSrspamer, 19&1). Virtually nothing is known about
the physiological role of histamine in the CNS,
though "the uneven distribution of a pharmacologically
active substance in the brain strongly suggests that
the agent has a role to play in the specialised
function of those regions where its concentration is
high' (Vogt, 1959). Histamine, like monoamines, is
•unevenly distributed in brain (Adam, 1961? Adam and
Hye, 1966). Parts of the brain which contain
histamine also contain MH (White, 1966) and histamine
methylating activity. This enzyme, like MAO, is
widely distributed in the brain (Axelrod et al,196l).
Histamine-forraing-capacity in brain (white, 1959)
follows roughly the same pattern of distribution as
histamine.
The pronounced peripheral effects of histamine
and its inability to cross the blood brain barrier
make it difficult to study any direct actions which
it might have on the CPS (Sokoloff, 1959? Virno,
Gertner and Bovet, 1956).
In the whole animal, an apparent narcotic effect
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of histamine was observed in the cat (Dale and Laidlav,
1911). It has been reported to produce 'catatonia'
in mice ^.Dejong, 1945), changes in the EEG pattern in
rats (Brandon, 1955} Bovet, Kohn, Marotta and
Silvestrini, 1958) and rabbits (Goldstein, Pfeiffer
and Monoz, 19«3)» and to stimulate the vasomotor
centre in cats and dogs (Feldberg and Kwiatkowski,
1933? Pilcher and Sollaan, 1914). Histamine
inhibits transcallosally evoked potentials in the cat
after intra-carotid injection (Gilfoil, Hart and
Marrazzi, I960). Similarly in the rabbit it
increases the electrical activity of the cerebellum
(Crossland and Mitchell, 1956).
The central actions of histamine can be studied
by injecting the drug into the cerebral ventricles.
In the conscious cat, a dose of 150 - 200 p.g caused
marked changes in behaviour: sedation, salivation,
increased respiration and muscular weakness (Peldberg
and Sherwood, 1954); in the anaesthetized cat, a
pressor response was observed which was prevented by
intraventricular injection of mepyramine (Trendelen¬
burg,1957a; White, 1961b). Trendelenburg (1957b)
suggested that histamine stimulated sympathetic
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ganglion cells in the brain, since by analogy, small
doses of histamine facilitate transmission of
impulses through the sympathetic cervical ganglion
of the cat. However, Oertner and Kohn (1959)
reported that histamine depresses ganglionic
transmission.
Further, histamine has been applied to the CHS
by electrophoresis through micropipettes and the
electrical activity was recorded simultaneously.
In such experiments histamine did not affect synaptic
transmission in the lateral geniculate body of the
cat (Curtis and Davis, 1962), but it did inhibit
neurones in the cerebral cortex of this animal (Kra-
jevic and Phillis, 1963). When injected into the
a
septal region, it induced/catatonie-like state
(Heath, Leach and Verster, 1962).
MH, injected into the cerebral ventricles, lacks
the pharmacological effects of histamine (White,1961b I,
but this does not rule out the possibility that
catabolites of histamine may have an action on
certain receptors in the brain (Green, 196k)•
McGeer, McGeer and McLennan (1961) found that ImAA
was as active as gamma-aminobutyric acid in
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inhibiting the crayfish receptor neurones.
The physiological significance of these findings
remains to be explained. It is not even known to
what tissues, vascular, neural or others, the
occurrence and function of brain histamine is
primarily related. A closer analysis of the effects
of histamine on brain function is necessary. Study
of the possible means of increasing or decreasing
histamine concentration and its formation and
eatabolism in brain may shed more light on the
functional significance of the amine. 'It is
tempting to assign functions to histamine extractable
from particular regions of the brain, but until more
is known about the exact site of its formation and
storage and the conditions necessary for its release,
speculation is likely to be unprofitable" ^Adam,196l).
•'Nevertheless, histamine should be included among
biologically active amines in the brain, such as
catecholamines and 5-HT" (white, 1961) and "warrants
consideration in any discussion of chemical
transmission" (Orossland, i960).
31
1/12 METHODS OF ESTIMATING HISTAMINE IN BRAIN
a) Shfiflilfifll ffiftthoflg
The lack of useful absorption or emission
properties of histamine (Lewis, Gebauer-Fuelnegg
and Farmer, 1933) led to the development of methods
which were based on the properties of derivatives.
1. ffQlgrlfflgU'JLg wethgfl* This is based on the
diazo reaction which was first introduced by
Keossler and Hanke (1919) and later modified by
Rosenthal and Tabor (19U8). This method is neither
specific for histamine nor very sensitive (lower
limit of sensitivity: 300 ng in 5 ml solution).
The values reported for rat brain histamine by
this method were extremely high (Clouet, Gaitonde
and Richter, 1956) (Table I).
2. ^gsU-Q?hQtgfilfitriC This is based
on the reaction with dinltrofluorobenzene (DNFB).
It afiords a simple and reliable procedure for the
estimation of histamine (Mclntlre, White and Sproull,
1950). White (1966) used this method for the
estimation of histamine in cat brainj he found that
the lower limit of sensitivity was about 200 ng/g.
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3. ,^p5ctromWfft<?.M,s IB$W« This is based on
the reaction with o-phthalaldehyde (OPT), first
described by Shore, Burichalter and Cohn (1959) and
used for the estimation of histamine in brain. These
authors reported that in 2 experiments out of 3» the
results for the brain histamine obtained by bioassay
and fiuoronietric assay agreed closely. They also
observed that other imidazoles form fluorophors
when condensed with OPT.
Carlini and Green (1963) discovered that butanol
extracts of brain (Shore et al, 1959) contain a
substance(s) that produces slow contraction of guinea
pig ileum which is not prevented by raepyramine. This
substance was removed when the extract was treated
according to the method of Adam (1961) and may have
been responsible for the apparent agreement between
the results obtained by the two methods of estimation
(Shore et al, 1959)• Carlini and Green (1963)
showed that values of histamine in rat brain by
fluorometric assay were h times higher than those
obtained with Adam's method (1961).
The fluorometric method is not specific for
histamine since other substances are known to react
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with OPT, e.g. various amino acids (Kremzner and
Wilson, 1961) and diamines, particularly spermidine
(Kremzner, 1965b) Kremzner and Pfeiffer, 1966)
Michaelson, 1967). The method has undergone a num¬
ber of modifications. Kremzner and Wilson (1961)
used a strong anionic resin (Dowex-1 x 8) to remove
histidine and other interfering substances from the
extract. Biological assay of such brain extracts
still gave values that were lower than those obtain¬
ed by fluororaetric assay (Kremzner, 1965a). How¬
ever, when extracts are purified to meet the re¬
quirements of chemical assay, it does not follow
that the purification is also suitable for biolog¬
ical asBayf substances that do not react with
OPT may nevertheless contract the guinea pig ileum
and the reverse is probably true. Green and Brick-
son (196U) employed a strong cationic resin (Dowex
50) and found that histamine could be separated
by gradient elution with HCi from interfering
substances. McGeer (196J+) applied brain extracts to
a column of anionic resin (Dowex-I) and passed the
effluent through a second column of cationic resin
(IRC 50). Histamine was eluted with H-NaOH, Even
with this purification procedure, occasional
samples were obtained in which there was
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severe quenching of the fluorescence of the internal
standard histamine and/or an unusually high "blank.
The presence of fluorophores other than the
fluorophore derived from histamine was demonstrated
by paper chromatography (Carlini and Green, 1963) and
by isotope dilution methods (Levine, Sato and Sjoerdsm
1965). Brain extracts to which ' 4C-histamine was
added were subjected sequentially to 3 procedures
designed to separate histamine from interfering
substances: (a) n-butanol extraction, (b) adsorption
on IRC 50 resin and elution with acid and (c) passage
through Dowex-I column. Aliquots of each extract
were assayed by the method of Shore et al (1959) and
radioactivity determined by scintillation spectrometer
(Levine et al, 1965). It was found that specific
activity of apparent histamine from brain increased
with each step, indicating that each procedure
removed some substance(s) other than histamine which
reacts with OPT.
Despite various improvements in the method, it
has still to be demonstrated that the final fluorophor
obtained from extracts of brain derives only from
histamine. Until this degree of purification can be
a.
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achieved, the flucrometric assay of histamine in brain
remains doubtful.
to) gjgloffjgal metrics
A reliable and sensitive biological method for
estimating small quantities of histamine was developed
by Barsoum and Gaddum (1935). But even later
modifications (Code, 1937a? Code and Mclntire, 1956)
were not sufficiently sensitive for the estimation of
low values in the brain. When assaying extracts
containing small amounts of histamine, the problem of
obtaining suitable concentrations of the amine in
contact with the gut has led to the development of
special techniques, since neither great volumes of the
extract can be added, nor can the bath be made
conveniently smaller than 2 mis (Monger and Schild,
1950). In order to solve this problem, advantage has
been taken of the method devised by Finkleraan (1930)
in which a piece of intestine is suspended in air and
kept alive by a stream of nutrient fluid running over
its surface. Such a preparation was used for the
assay of histamine by Kwiatkowski (194+1 j who injected
the drug into the stream of fluid. Gaddura (1953)
applied the term superfusion to this procedure and
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obtained greater sensitivity by interrupting the
flow of Tyrone's ablution and applying the test
solution, undiluted, directly to the surface of the
muscle. Superfusion, however, is suitable only when
the test solution is sufficiently pure and has a
composition similar to the physiological fluid
bathing the gut between the doses (Adam, iy6l). Adam
Hardwick and Spencer (1354) described a semiautomatic
device for the bioassay of histamine by superfusion.
They were able to estimate quantities as small as
1 to 2,5 ng/ml. The error of the assay was no
greater than that of the conventional method (index
of precision,A , mean 0.03, range 0*012 - C.052,<12))
c) MyiafiUc-lg<?tQT4g Method
Snyder, Baldessarini and Axelrod (1366) have
suggested an enzymatic-isotopic method for the
estimation of histamine in brain* Tissues are
incubated with tracer amounts of 3H-histamine and
< **c-S-adencsylmethionine in the presence of INMT,
which specifically methylates histamine. The >-
metxiylhistamine foWe4" <0a5 \>tvAct:ed tht AAtcVrC toty
ctetfaminkd-l. The ratio of ,4C to 3H was found to be
directly proportional to the amount of unlabelled
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histamine present in the incubation mixture. The
relationship was linear over the range of 2 to 1000 ng.
In every tissue examined, there was a single peak of
radioactivity which corresponded in to authentic
l,h-methylhistamine. The value for whole brain
histamine in the rat was estimated to be 60 ± 10 ng/g,
which agrees with the values obtained in this
laboratory (Table 1). But the concentrations for
the rabbit and guinea pig hypothalamus reported by
the use of this method (100 - 200 ng/g) are much





Choice of animals. Adult male albino rabbits
(New Zealand White) were used in these experiments.
The body weights ranged from 1,5 to 4.3 Kg (mean 2.7
(194))
2/1 COLLECTION OP BLOOD SAMPLES
The ear was moistened with warm water and the
hair gently shaved off with the aid of sterile
disposable surgical blade (Swann-Morton B.S. 2982,
size 22). The ear was dried with cotton-wool and
warmed by heating with an electric light bulb. The
skin in the vicinity of the lateral vein was coated
with a thin layer of soft paraffin (MacArthy's Ltd.
35797). Heparin (Evans Medical 25000 i.u./ml, diluted
1/5 with saline), 500 i.u./Kg, was administered i.v.
through a polythene cannula inserted into the marginal
vein of the other ear. The vein was then nicked
with the sharp blade and a sample of 0.05 ml of blood
was collected from the surface of the ear with a
siliconed blood pipette (capacity 0,1 ml, Gold-Smil-
Line).
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One ear was used for the collection of "blood
samples, the other for the injection or infusion of
drugs through a polythene cannula. After the
collection of "blood, bleeding was arrested by applying
a piece of cotton-wool to the bleeding point and
clamping it with a hair clip.
2/2 HASMATOCRIT
Blood samples were collected from the ear vein,
s
as described in Section 2/1. Blood was allowed to
flow freely into a 5-ml beaker from which it was
aspirated with a polythene connection, attached to
2.5-ml disposable syringe (B-D Yale). The blood
was introduced into a haematocrit tube (Gold-Emil-
Line BS255i|-). The tube was centrifuged for 30 min
at 2700 r.p.m. (at h°C) and the volume of packed cell^
read.
The blood samples for the haematocrit were
taken simultaneously with samples for the estimation
of histamine. The aim was to record changes in the
haematocrit which might have occurred after the i.v.
infusion of large volumes of fluid. The blood
histamine values, obtained towards the end of lnfusio^i,
were corrected for change in the haematocrit reading.
40
Control haematocrit values varied from 33 to 49
per cent (mean 41*3 (111)), which are very close to
those reported for the rabbit by Albritton (1952)
(mean: 41.5» range: 33 - 50,3, quoted in 'Biology
Data Book', p.269, 1964). After the infusion of
various amino acids or saline the mean heematocrit
value was 40/ (range: 33 - 44,3 (64)).
2/3 PREPARATION OP AHINOACID SOLUTIONS FOR I.V. INFUSIONS
Amino acids were dissolved in sterile pyrogen-
free distilled water. For simultaneous control
experiments, sterile isotonic saline (0*9 per cent;
300 mosmoles/1) was used.
2/3/1 Hiatiding go^utipM
Neutralization with ff/j JKaQfl, On theoretical
calculations 1 gram of histidine-HCl (m.w.191.62)
would contain 5.2 m3q of HC1 and hence would require
the same amount of NaOH to neutralize it.
400 mg of histidine-HCl was dissolved in 10 ml
distilled water. This solution was acidic (pH 4.0).
On titration with N/1 NaOH (electrometrically), the
volume required to bring the pH to neutrality was
i>.7 ml. Hence it was calculated that 4.25 ml
hi
(4.25 mEq) of H/l HaOH would be needed to neutralize
I gram of histidine-*HCl.
neutralization with HaHCO,,. Histidine solutions
for i.v. infusions were neutralized with solid NaHCOj
On the basis of the above findings it was calculated
that 360 mg of this salt (4.25 mEq) would be requir-J-
ed to neutralize I gram of histidlne«*HCl.
Osmolaritv of solution. Two limiting factors
were considered in making up the ; histidine solution
for i.v. infusion: (a) solubility of histidine in
water (125 mg histidine-HCl/mlj 43 mg histidine
base/ml at 25°C: from 'Biological Data*, 1956), anc.
(b) volume and osmolarity.
On the basis of the above calculations 40 mg
of histidine-HCl would require for neutralization
14.4 mg of BaHCO-j (0.17 mEq). It was calculated ths t
the amount of HaCl formed in the reaction of 40 mg
histidine-HCl and 14.4 mg of HaHCOj would be 0.17
mEq (9.9 mg of MaCl/ml water). Although this
solution (approx. 30 mg base/ml) was found to be
neutral (pE 6.8 to 7*2) and calculated to be nearly
isotonic in respect to its HaCl content (9*9 mg/ml,
equivalent to 340 mosmoles/litre), it was hypertonic^
(by 192 mosmoles*) when histidine molecules were
taken into account. Hence the total osmolarity
Concentration of histidine: 30 mg base/ml or
30000 mg/litre divided by 155 (ra.w. of histidine
base) * 192immoles/litre (equivalent to 192 moswwfc/ZJ
k2
of the solution was 532 moamoles per litre of sol¬
ution (3^0 contributed by NaCl and 192 by histidine
base)# But in order to avoid infusing very large
volumes of fluid# this solution (approx# 30 mg
histidine base/ml) was not diluted any further#
A concentration of hO mg histidine-HCl# lHaO/
ml water (equivalent to 30 mg base/ml) was used for
i#v# infusion of 500 mg/Kg/2 hr (16#7 ml/Kg) (See
Table 7)# *^hen lower doses of histidine (5 to 250
mg/Kg) were infused# the volume was kept constant
(16*7 ml/Kg/2 hr# Table 7)# All these solutions
were neutralized with the required amount of NaHG03
■ and made isotonic by the addition of NaCl as shown
in the Table# The osmolarity contributed by histid¬
ine base and the NaCl formed was calculated# The
/ number of mosmoles of NaCl needed to make the
solution isotonic (300 mosmoles/lltre) were converted
to mg of NaCl at freezing-point depression of 0#56°C#
by consulting the ♦Documents Oeigy Scientific Tabled#
p* 327 (6th Edition)#
2/3/2 otter minv fields
The solutions were freshly prepared on the day
of experiment# The pH of the solutions, their
neutralization# concentration and dosage# and the
amount of NaCl required to make the solutions
l+2a
Summary of data used in the ov-z jaration of amino acid solutions Tor intravenous Infusion
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125 16.7 7.5 0.8 1+8 570
L-iiia t idine-HCl •
1 iteO 209.63
62 16.7 3.75 0.1+ 21+ 760
30 16.7 1.875 0.2 12 850




(base) 10 200 16.7
12 1+ • 2 0.5 0.95 57 750
L-DOPA 197 5 100 20 5 5.8 0.6 0.51 25 850
L-TRYPTOPHAN 20h 11.h 200 36.7 12 5.8 0.2 0.98 59 760
HL-5—HYDROXY-
TRYPTOPHAN




isotonic are summarized in Table 7« Osmolarity
contributed by the amino acid and sodium ions (from
BaOH) was calculated and KaCl was added in quantit¬
ies sufficient to make the final solution isotonic
with serum (300 mosmoles per litre).
When one of these amino acids was infused
simultaneously with histidine, both were dissolved
in the same vehicle. Both amino acids were neutral¬
ized (histidine with NaHCOjJ other amino acids with
BaOH), Total osmolarity was calculated taking
into account the amino acids present and KaCl formed
2/A INFUSION OP DRUGS
Amino acids used in the present work were
infused intravenously at a constant rate over a
period of about 2 hours, using a sterile disposable
syringe (B-D Yale) with a polythene cannula and a
slow injector.
The injector was previously calibrated with a
20-ml syringe to determine the rate of flow at
various speeds. In each experiment the appropriate
speed was employed to deliver the required dose of
amino acid over a 2-hr period.
A polythene cannula of about I ft, in length
was made for each infusion or injection. The poly¬
thene tubing (Sterivac, sixe 2) was drawn out at
both ends over a spirit lamp# The metallic part
of a 23-gauge needle (B-D Yale) was removed from
its plastic mount and fitted in one end of the tube.
This end of the cannula was inserted into the marg¬
inal vein and secured in position by a narrow piece
of adhesive tape; a needle (21-gauge) was fitted in
the other end of the tubing and attached to the
syringe•
2/5 PREPARATION OF THE RABBIT FOR THE REMOVAL OF BRAIN
The rabbits were sacrificed by bleeding under
anaesthesia. Pentobarbitone sodium (Abbott) was
injected slowly into the marginal vein through a
polythene cannula. The dose of pentobarbitone
varied from 34 to 78 mg/Kg (mean 53 mg/Kg (33))*-
Surgical anaesthesia was reached within 30 to 75
minutes.
The animal was then secured to a warm dissect¬
ing table with a block under its head* The hair
overlying the neck region was shaved off with clip¬
pers and a mid-line incision was made in the neck.
Both carotid arteries were exposed by blunt dis¬
section and tied with ligatures. A bulldog clip
was applied about I inch from the ligature and
caudal to it. A small cut was made in the artery
with fine spring scissors and a polythene cannula
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introduced into the artery and secured in position
by a ligature. Heparin (500 to 800 i.u,/Kg) was
injected i.v. through a cannula* and bulldog clips
were released from the carotid arteries allowing
the blood to flow freely into a measuring cylinder,
She volume of blood collected varied from 50 to 130
ml (mean 90 ml (38)).
In some of the control and treated rhbbits, the
head was perfused with Ringer-Locke solution (S,J>/6)
PERFUSION OF HEAD WITH RINGER-LOCKE SOLUTION
The aim was to perfuse the head through both
carotid arteries so as to remove as much residual
blood as possible from the cerebral vessels. The
concentration of histamine in hypophysis and differ¬
ent parts of the brain, collected after head per¬
fusion, were compared with the values obtained from
rabbits which were only heparinized and bled, but
not perfused. The fact that rabbit platelets are
rich in histamine has already been referred to in
Section (1/5 )• These experiments were intended to
test the extent to which residual blood might con¬
tribute to histamine in brain and hypophysial
extracts.
Immediately after bleeding, the rabbit's head
was perfused with 300 ml Ringer-Locke solution*
I|>6
The solution flowed from a I-litre aspirator which
was connected by a Y-piece to two polythene tubes
(Sterivac, size 2), which were introduced into the
carotid arteries pointing roetrally (the carotid
arteries having been already ligated caudal to point
of insertion)* Solution was then allowed to flow
freely through the carotid arteriesf thus perfusing
the head* The effluent returned by way of the
jugular veins, which were cut* The pressure head
was about 52 inches and the flow rate 50 ml/min*
At the end of perfusion the effluent was almost
clear* When the brain was removed under these
conditions, it was pale and soft*
2/7 REMOVAL OP BRAIK AND HYPOPHYSIS
The skull was exposed by a mid-line incision
and an opening was made with a trephine* The upper
part of the skull was removed with bone nibblers,
leaving the dura mostly intact# The tentorium was
carefully removed*
The dura was cut and reflected* The olfactory
lobes were divided and the brain was then gently
lifted? the remaining cranial nerves were cut and
the hypophysial stalk was severed. The spinal cord
was divided at C 2* The time taken from the death
of the animal to the removal of brain was about 7
minutes* The brain was weighed and immediately
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placed on a cold plate» The hypophysis was removed
by cutting the dura behind and at the sides of the
gland. The weight of the brain ranged from Q.2 to
12,9 g (mean 9«7 g (46))# Dissection was begun
without delay,.
2/8 DISSECTION OP THE BKAIN
The hypophysis was cleared from the surrounding
connective tissues and the anterior lobe was separ¬
ated from the posterior lobe.. The pia-arachnoid on
the ventral surface of the brain was stripped off.
The brain was then divided transversely along a
line passing between the pons and the inferior
colliculi. The anterior part was further divided
into right and left halves by a mid-sagittal section.
Samples were usually collected from the right
half of the brain and are described as follows I
Anterior lobe. Contained mainly the pars
distalis of the adenohypophysis.
Posterior lobe* Contained mainly the infund¬
ibular process and the pars intermedia of the
adenohypophysis
Hypothalamus. Included the corpora mammillaria ,
the preoptic region and the ventral and dorsal
hypothalamus. A rectangular block of tissue was
out to a depth of about 3 mm, and usually medial to
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fibres of the fornix which end in the corpora mamm-
illaria (Pig. 1)..
Medial thalamus. Taken from the region of
raassa intermedia. A rectangular block of tissue was
cut to a depth of about 3 mm (Pig. l).
Superior and inferior corpora quadrigemina.
Removed by cutting along their bases (Pig. 1).
Region of the reticular formation. Was the
region in the pons-medulla or the tegmentum of the
midbrain (Pig. l)»
Central grey matter* Corresponded to the sub¬
stantia grisa centralis, and is the mass of grey
matter which surrounds the ; aqueduct. A block of
tissue was cut on one side of the aqueduct to a depth
about 2 mm (Pig. 1)*
Cerebral cortex.. A sample of the grey matter
only was cut from the temporo-parietal region.
Cerebellum* Taken from the vermis*
Caudate nucleus. About 2^3rd of the region was
removed*
Hippocampus. Taken as a transverse segment.
Ploor of the 4th ventricle. Was the grey matte}
cut to a depth of about 2 mm.
Choroid plexus. Taken from the lateral ventricle,
In all 19 different areas were sampled, includ¬
ing those of the hypophysis. The samples were
U8a
Mtdial sagittal section of rabbit*s brain.
Demarcation of samples: (1) hypothalamus!
(2) medial thalamus* (3) superior corpus
quadrigeminun! (h) inferior corpus quad-
rigeminunj (5) central grey matter} (6)
region of tegmentum} (7) pons-medulla.
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obtained from a total of 46 rabbits.
2/8/1 Weighing of samples
The sample was weighed without delay on a
torsion balance of 100 mg capacity using a wire
basket. The time required for the collection of
samples was about 50 min. The weight of any
particular sample varied from rabbit to rabbit
(Table 15 ), partly because of the differences
between rabbits but also because of the error of
dissection. In order to reduce this error, the
dissection of the brain was usually done by the
same person.
2/9 EXTRACTION AM) PURIFICATION OP HISTAMINE
Adam, Hardwick and Spencer (1957) developed
a method of estimating histamine in plasma.. Adam
(1961) modified this method for the estimation of
histamine in different parts of dog's brain. This
method with minor modifications was used by Adam
and Hye (1966). In the present work this method
was employed for the estimation of histamine in the
hypophysis, brain;', and blood.
2/9/1 Apparatus
Tissue grinders. These were made of 15 ml
heat-resistant conical centrifuge tubes (MSI Cat.
No. 69555). The lower part was ground and fitted
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with a corresponding pestle, made of soft glass#
The tube was calibrated to contain 5 ml-
For estimation of histamine in the whole brain
of the rabbit and other gross areas, larger homo-
genizers were used (Fisons, TTM/20)#
Glass tube? jfpy coluqq chrqmatpfflraphy.
Columns were made in glass tubes (Fig# 2) which
were 15-14 cm in length and 8#0 ran in internal
diameter# The tube was surmounted by a bjilb of
25 ml capacity and closed by a glass tap# The
overall length was 27-28 cm# The dead space below
the column (tap and capillary below it) was about
0.3 ml# A plastic cap covered the top of the bulb#.
Hine such tubes were held up by spring clips on
a dexion frame.
Refrigereftoy g.e^ty.tf,^. Type MSE "Medium" #
dH Meter# (Beckman Zeromatlo)#.
2/9/2 ChepjLoalp and BolHt&oflfl
Chemicals used in the experiments were of
analytical grade unless stated othertise#. Fresh,
glass distilled water was used for solutions and
elsewhere in the procedure#
Ion exchange resin. Amberlite, CG 50, Type l
100-200 mesh (Rohm and Haas Co#, Philadelphia)#
Fig# 2m Glass tube lor column. For details see
text*
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The resin is a weak cation exchanger with carboxylic
(-COOH) groups* It is supplied in the acidic (H)
form*
Cellulose powder. Whatman Standard Grade (CP-
II# Cat* Ho* IIIII) for chromatography,.
Trichloracetic acid (BDH). 6 per cent w/v
solution in water (TCA),. The solution was filtered*
Hydrochloric acid. 0,1 N and 0,25 N HC1 pre¬
pared from the concentrated volumetric solution
(KDH)* 6*0 N HC1 prepared from concentrated HC1
(36 per cent HC1# BDH) *.
Sodium hydroxide* O.lNKaQH prepared from
sodium hydroxide pellets (BDH) and titrated against
standard 0,1 H HC1, using phenolphthalein as intern¬
al indicator*
Meqtral yefl (BDH) *, 0*01 per cent (w/v) in
water*
Phosphate buffer* 0,2 molar: Ka* concentration
390 mSq/litre*. 15.6 g KaHgPO^, 2 HgO dissolved and
made up to 500 ml with water » Solution A*.
28.4 g NagHPO^ dissolved and made up to I litre with
water » Solution B,
26.5 nil of Solution A was mixed with 473*5 ml of
Solution B to make 500 ml of buffer solution*. The
52
pH of this solution was 7»92 and the total Ha4"
concentration was calculated as 390 mhq/litre.
Phosphate buffreyt 0,0$ mqlayi , Kg* concefttpat-,
ion 100 mEq/litre*. 256.0 ml of 0.2 molar buffer
(390 mEq/l Ha+) was mad© up to I litre with water,
the pH of this solution was 8.0 and the total Na+
concentration was calculated as 100 mEq/litre.
Chr.ooip,-sulphuric olefin^, soyrtjofl. 70.0 g/l
of sodium dichrornate in concentrated sulphuric acid
(commercial grade).
2/9/3 Procedure
Cleaning o£ glfiBgwpre. Glassware was left in
cleaning solution for at least 2 hr. Later it was
rinsed thoroughlyt first in warm running water and
then six times with distilled water. Apparatus in
contact with concentrations of histamine above 100
ng/ml was soaked in 2H llaOH for at least 24 hr
being
before/finally cleaned with chromic-sulphuric
solution*
Pr.ptegtioq of g^Bgwgrq. Much of the clean,
dried glassware was stored in boxes to proteot it
from dust in the air. Pipettes used for measuring
volumes of reagents or solutions in the procedure
were stored individually in stoppered glass tubes,
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thereby reducing the risk of cross contamination.
Preparation of resin. 30 g of resin was sus¬
pended in 1.0 litre of distilled water in a beaker
and allowed to sediment for 10 min. The water was
decanted. The procedure waB repeated 6 times. The
final deposit was transferred to a porcelain dish
and dried at 45°c for 48 hr. The cake was broken
up with a small pestle. The resin prepared in this
way was free from very fine particles.
Preparation of columns. 50.0 mg of the prepared
resin was mixed with 300 mg of cellulose powder in
a 25 ml conical flask. 4.0 ml of 0.1 N NaOH was
added to the flask and the contents were mixed by
gentle shaking. The resin-cellulose mixture was
left overnight at 4°C for use on the next day,. The
resin was thereby partly converted into sodium form.
The tube was cleaned with chromic-sulphuric
solution immediately before use. A pad of glass
wool was placed at the bottom of the tube and the
tap was lightly greased with yellow soft paraffin.
The tube was rinsed from inside, first with distilled
water and then with the buffer solution (0,05 molar,
100 mEq/1 Ha*)..
5 ml buffer solution (0,05 molar, 100 mhq/l Ha*)
was placed in the flask containing the resin-cellulose
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suspension, The contents of the flask were well
mixed and poured into the tube. The tap was fully
opened and the resin-cellulose mixture was allowed
to form a column. When the liquid level reached
the top of the column, the tap was closed. The
height of the column was about 42 mm. The volume
occupied by the column was about 2 cm"*.
Equilibration of qolqaa* 20 ml of buffer
solution (0,05 molar, 100 mEq/l Na+» pH 8.0) was
applied to the column, and care was taken to wash
down the inner side of the tube. The buffer was
allowed to flow at a rate of about I ml in every
3 min, by adjusting the tap. The column was
equilibrated in this way for I hr, at the end of
which it was ready for use.
Hine columns were usually prepared. Eight of
these were for the tissue extracts and one was used
as a control.
Extraction of tissue sample. The sample
was removed from the weighing basket with the aid
of a fine glass rod and lowered into a measured
amount of TCA in the tissue grinder. The volume
of TCA used was 5 jul/mg of tissue. The tissue was
immediately ground and the process continued with
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the addition of a email volume (I ml) of water#
The final volume in the tube was made up to 5 ml
with water# The suspension was thoroughly mixed and
the tube was sealed with parafilm# Usually 8 eamplen
were extracted at a time#
When the whole brain or large areas of the brain
were extracted# the tissue was placed in g large
homogenizer (Pisons, TTh/20) containing the required
a
volume of TCA# The tissue was ground using/motor-
driveh stirrer (Griffin and Tatlock)# The pestle
and the homogenizer were washed with distilled water
and the suspension of the precipitate was poured
into a glass-stoppered measuring cylinder# The
volume was made up with distilled water so that
12 rag of tissue was contained in I ml of extractant.
5 ml aliquots were collected (equivalent to 60 mg of
tissue)# after a gentle mixing of the suspension*
CefltrfrfufifrHpa pf tftfl qrtrefit* The tubes
were eentrifuged at 2000 r*p#m# at 4°C for 30 min*
Oolleotion of aliauots# An aliquot of 4#6 ml
was removed from clear supernatant using a Pasteur
pipette. The aliquot was placed in a stoppered#
graduated 10 ml tube. The precipitate was discarded,.
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Preparation of solution for adsorption.
neutralization of the aliquot* The aliquot of
the supernatant was neutralized with 0,1 H NaOH
delivered from 1 ml "burette. One drop (0,04 ml)
of neutral red solution was used as internal indi¬
cator, Approximately 0,02 ml of alkali was required
for each mg of tissue•» After the point of neutral¬
ization had been reached, one drop (0,02 ml) of 0,1
N HC1 was added from another burette to make the
solution just acidic.
Adjustment of pH and Ha* concentration in the
solution. The neutralized aliquot was brought to
pH 8,0 and to a total Ha* concentration of approxi¬
mately 100 mEq/l by the addition of phosphate buffer
(0.2 molar, 390 mEq/l Na*, pH 7.92), Water was
then added to a final volume of 8.0 ml. The volume
of buffer depended on the quantity of Ha added
in the neutralization (Ha* derived from the tissue
was neglected)♦
In the hypothetical case where the aliquot
does not require the addition of 0,1 H H(|0H (i.e.
the solution is already neutral), the volume of
buffer (0.2 molar, 390 mEq/l Na*) for the adjustment
is calculated as follows
M f mnĝA » 2.05 ml
390 mEq/l
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When alkali was added, the volume of buffer required
was less than 2 ml. The exact volume of buffer was
calculated as followsi (
Na+ present in 1,0 ml of buffer (390 mEq/1 Na+)
■ (390 x 23) / 1000=8,?!? mg
Na+ present in volume (ml) of 0.1 N NaOH added
» (2,3 x ml of 0.1 N NaOH added) rag
Volume of buffer (390 mEq/1 Na+) to be added
- (ft.97 a 2,05) - ffll of 0,1 F, HaQfi ftflacfl)
8,97
A calibration curve was drawn on the basis of this
calculation. For a given volume of 0,1 N NaOH, the
required volume of buffer could be read off directly
from the graph. After addition of the buffer the
volume in the tube was made up to 8,0 ml with water,
The solution was mixed and was ready for transfer
to the column.
AasofpUon and, clutlon.
Adsorption. 8.0 ml of the buffered aliquot was
applied to the equilibrated column, The graduated
tube was washed with 2,0 ml of buffer solution
(100 mlq/1 Na+, pH 8,0) and this was placed on the
column. The control column received 10 ml of buffer
solution (100 mEq/l Na+, pH 8.0).
The flow was controlled at the rate of 1 ml in
3 min. The effluent was collected in a beaker.
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Histamine has two pK& values: one due to
imino nitrogen in the imidazole ring is 5*9 and the
other due to the amino group is 9*7-9*8 (Levy, 1935?
Holmes and Jones, I960)* At pH 8.0 nearly all the
histamine (98*04$) present in the solution would be
ionized*. Adsorption of histamine by the column at
pH 8*0 is complete (Adam et al, 1957)*
Wash. After the adsorption step, the column
was washed with 5*0 ml water, which was allowed to
flow at the rate of about 1*0 ml in 3 min* The
effluents were discarded*
Elution. The elutioh was carried out with
2*0 ml of 0*25 H HC1, followed by 3*0 ml water*
The eluate was collected in a stoppered glass tube
(Quiekfit, MF 24/3, B 24/29, capacity 50 ml)* The
flow rate during the elution was reduced to about
I ml in every 4 min* The neutral red remained
adsorbed at the top of the column*
Hye (1964) analysed the eluate fractions for
the pH values and for the amount of Ha* and
histamine present*
Evaporation of the eluate. The eluate was
dried at 55°0 under reduced pressure (20 to 30 mm
Hg)* The evaporation was done in a thermostatically
controlled water bath, the tube containing the
59
solution being connected to a high pressure water
pump through an adaptor., The vacuum was gradually
reduced when the residue was seen to be still
slightly moist, to prevent loss from flaking. The
residue contained mainly iiaCl derived from the
column.
Heating with strong HC1. I ml of 6 N HC1 was
added to the tube and the tube was heated for 30 mil!
in an oil bath at 100°C (Adam, 1961)# The tube
was immersed in the oil only up to the liquid inside
The stopper was loosened and left situ. Under
these conditions the HC1 refluxed in the tube with¬
out detectable lose of vapour.
The acid was evaporated at 60°C under reduced
pressure (20-30 mm Hg), Flaking was not observed
at this stage and complete drying was possible.
The neck and the stopper of the tube were dried
with a stream of hot air to remove traces of HC1,
(At this stage the tubes were generally stored
overnight or longer)#
Final drying of the residue. The last traces
of acid were removed frdm the residue by heating the
tube in a water bath at 80°C for 10 min and under
reduced pressure (20-30 mm Hg)., The neck of the
tube and the stopper were again dried with hot air#
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The contents of the tube, which will be referred
to as the Ofleg Cfiglflas, were then ready for
bioassay.
The CSfilflafi contained about 2k mg of
BaCI (Adam, 1961} Bye, 196b-). Total potassium in
dr^ed resjdug obtained from brain tissue extracts
by Hye (l96h), ranged from 110 to 150 jig (from
samples weighing froia 50 to 7° mg)« Presence of
excess quantities of K* in the Tyrode's solution,
could interfere with the assay of histamine by
superfusion (Adam et al, 195h). The K* present
in the tissue would probably be adsorbed on the
column and eluted with HC1. Hye13 results (19&+)
showed that the amount of K+ present in samples
weighing about 50 mg would hardly interfere with
the assay of histamine.
61
A flow sheet of the procedure for extraction and purific¬
ation of histamine for bioasaay
PPt
Extract with TCA (5 jul/mg)
Centrifuge (5 ml)
(discard)
Remove aliquot of supernatant (4.6
ml + 0.1 N NaOH, to pH 7) ♦ Buffer,,









Elution (2 ml 0.25 » HC1 + 3 ml watex)
Evaporation of the eluate






The assay was carried out by euperfueion on
the guinea pig ileum (Gaddum, 1953)# using a
semiautomatic apparatus as described by Adam et al#
(1954).
2/10/1 Solutions
Chemicalcbf analytical grade were used#
Atroolnized Tyrode's solution. The composition
of the solution Is given below. This solution is
referred to in the text as Tyrode's solution#









A troficr4 fulpiiate 10-7
The concentration of OaCl2 and MgCl2 in the
stock solution was adjusted by titration against
0.1 N AgNQjt using 0.04 ml of potassium chromate
(5 per cent w/v) as internalindicator.
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Histamine standard solutions. The material
used was histamine acid phosphate (EDH, m.w, 307.15)
Values for histamine in the text refer to the base
(rn.w. III.15), unless stated otherwise.
Stoftk, histamine, stftQdard, 3 fa, *mtey.
The solution was kept frozen at -17°0 and used from
time to time for periods of 2 to 3 months. Solution^
kept in this way showed no loss of activity when
compared with solutions prepared from salt on the
day of the assay. The following solutions were
prepared in Tyrode's solution at the time of assay*
a) 100 ng/ml. 2.0 ml of 5 ja.g/ml solution made
up to 100 ml with Tyrode1s solution.
b) 10 ng/ml. 20.0 ml of the 100 ng/m1 solution
made up to 200 ml with Tyrode's solution.
°) 3 ng/m1. 6.0 ml of the 100 ng/ml solution
made up to 200 ml with Tyrode's solution.
d) Ten assay standards. 0.25 to 2.5 ng/ml.
Prepared from the 10 ng/ml solution in the following










































Modified Tyrode^ solution. This was for re-
constitution of the dried residue.- The concentration
of MaCl in this solution was only 3,65 mg/ml," The
solution was made up from a 'Stock Solution A* in
the following way. (See following page).
This was to compensate for the presence of about
24 mg of NaCl in the dried residue. When the
residue was dissolved in 5 ml of this solution, i
composition of the final solution (test solution)
became close to that of Tyrode's solution. With the
concentration used, the test solution could be sligh
hypertonic compared with the Tyrodefs solution. If
the extreme values of NaCl present in the dried
residue were 22 and 25 mg (Hye, 1964), on reconstit-
ution the test solution would not differ by more theuji
+ 5.0 or -3,0 per cent, as compared with the Tyrode
solution for the total KaCl. Such differences would











Kcl (8.0 g/1) 50.0 ml
(5.5 g/1) 50.0 ipl
(4.0 g/1) 50.0 ml
(2,0 g/1) 50.0 ml
5.0 ml of the 'Stock Solution A* was diluted with
water and 0,5 ml of HaliCOj solution (Tyrode stock,
36.0 g/l). The volume was made up to 50.0 ml with
water. Finally the volume was made up to 92.0 ml
by adding 42.0 ml fiplut.iffl.
The dried residue in the tube was dissolved
in 5.0 ml of this solution. Any further dilution
of the test solution was carried out with the
Tyrode's solution only.
Menvramine-Tyrode♦s solution. A stock solution
of mepyramine maleate, 1G jug/ml (Base) in water,
was kept frozen at ~17°C. When required 1.0 ml of
this solution was made up to 100 ml in Tyrode's
solution to make 100 ng/ml solution of mepyramine.
15.0 ml of the 100 ng/ral raepyramine solution
was made up to 500 ml with Tyrode's solution to
make Mepyramine-Tyrode's solution containing 3 ng/ml
(3 x 10~9) of mepyramine*
66
Superfuslofl App^rfttitf
The apparatus used was similar to that desoribel
by Adam et al (1954) as shown in the diagram (Fig, 3)»
The various parts were mounted vertically on a strip
of Bexion, In the present apparatus the *doser* (F)
was operated by a solenoid relay (R,AW Webber Ltd,,
Bristol, Type SCM for 24 volts D,C,) which was
placed immediately above the plunger, to which the
solenoid core was fixed by a coupling device. The
plunger was made of steel wire, enclosed in a poly¬
thene tube (2 mm o,d,) which was drawn out to a
closed fine point. This served as a valve at the
opening of the ♦doser* which was a 1-ml glass tub¬
erculin syringe. The *doser* was calibrated to
contain 0,6 ml. The v/eight of the solenoid core
was sufficient to keep the valve closed when the
solenoid was inactive*• The height to which the
plunger would be lifted on activation of the solenoid
was adjustable. This adjustment made it possible to
widen or narrow the valve and thereby to control the
flow rate of the dose. The connections to the sol¬
enoid were through a variable potentiometer (100 Ohms)
which served to control theenergy supplied to the
relay.
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Pig. 3. Superfusion apparatus: (A) Tyrocle* s
solution) (B) Tyrode + histamine) (C)
Tyrode + mepyraiainej (D) capillary resist¬
ance) (E) solenoid relay* (P) 'closer1
with valve* (G) warming tube) (H) super-
fusion chamber# (J) lower end of 'doser*
with valve) (K) lower end of warming tube
with glass hook and thread in position.
The timing unit and thermostatically
controlled water reservoir are not shown
in the figure.
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The dose (0,6 ml) flowed over the gut in 8 to
9 seconds# The flow of Tyrode's solution returned
I to 2 seconds later# The gap between these two
flows was kept as short as possible to avoid spont¬
aneous contractions of the gut. The point of maximal
contraction after a dose of histamine was reached
before the flow of Tyrode*s solution had returned.
The pre-heating tube (G) was flared at its
inlet and at the outlet to prevent retention of
fluid by capillary action. The rim at the outlet
carried a short glass arm which ended in a hook (K).
Warm solution flowed along this arm: drops formed
on the hook, fell along the enclosed thread and broke
on the gut to enclose it in a film of liquid* The
drops re-formed at the end of the gut and went to
waste.
Relays 1,2 and 3 were P,0, type relays (100
Ohms), a Mariotte bottle (a) of 2 litre capacity
served as the reservoir for Tyrode's solution,. The
rate of flow from the bottle was controlled by a
capillary resistance (D) which allowed a flow of
4,6 ml/rain. This amounted to 60 drops per min, on
the gut. The flow stopped with the action of Relay
I.
a Mariotte bottle (B) of 500 ml capacity contain¬
ed the histamine solution (3 ng/ml), which flowed
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through a capillary resistance at the same rate as
the Tyrode's solution* but only when Relay 2 was
active, This dose was delivered automatically and
served to sensitize the gut to histamine before
starting the assay. When either the solenoid relay
(E) of the 'doser* or Relay 2 was active* the flow
of Tyrode's solution was automatically stopped by
the simultaneous action of Relay I, The solenoid
relay and Relay 2 were connected by a two-way switch
so that when one of the two was active, the other
was disconnected from the circuit#
A Marietta bottle (C) of 500 ml capacity con¬
tained Tyrode's solution with mepyramine (3 ng/ml)
when this was used, The flow of this solution
through a capillary resistance was at the same rate
as that of Tyrode's solution (i.e. 4,6 m3/roia)»
Relay 3 served the same purpose as Relay I and so
stopped the flow of mepyramine-Tyrode's solution
while a dose was flowing over the gut#
The control of the dose cycle was through a
Sequential Timing Unit as described by Austin (see
Adam et al, 1954)#
The conditions of the assay can be summarized
as followss
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Dose cycle 72 sec
Time for the dose to flow over the gut ••• 8 sec
Solenoid relay of doser activation for 10 sec
Flow rate
Tyrode's solution ••••••«•••**•*«»••••••* 4*6 ml/niia
(» 60 drops on gut)
Dose (0*6 ml) *••••••••»•«»••♦••••••••••« 8-9 sec
Temperature
later hath reservoir •••••*•••••••••••«*• 34°C
Inside superfusion chamber •*«•*•**«••••• 33°C
Flow at the outlet of warming tube 32°-33°C
Levers (light balsa wood)
Total length •••••»*••«•«••»*<••*••••»•••• 27*3 cm
Magnification •••••••••••••••••»•*••••••• 3.4 time£
Fixed tension 300 mg
Variable load 210 mg
Writing points frontal, made of capillary glass tub^
2/W/3 Guinea-pig ileum
A strip of the terminal part of the ileum, 3 to
4 cm long when slightly extended, was taken from
young guinea-pigs weighing 150 to 300 g. As compare^
with that of heavier animals, the gut was usually
thinner and showed less spontaneous activity but
became more readily sensitive to small doses of
his tamine.
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2/10/4 Procedure of assay
Sensitization.. The gut was left under super-
fusion with only Tyrode's solution flowing over it
for at least 30 min. The histamine standard sol¬
utions were prepared and sensitization of the gut
with 3 ng/ml histamine solution was started* The
timing Unit was switched on with connections to
Relay I and 2» The dose cycle started with doses
of 3 ng/ml histamine once every 72 sec. The drum
was kept at a low speed (2 ram/min)* The paper
was very lightly smoked. With the first few doses
the gut usually showed increasing sensitivity b#t
sdon the contractions became of similar magnitude
and an equilibrium was reached. The base line
normally remained stable and straight but varied
to some extent with very sensitive guts.. When
the gut was found to be poorly sensitive, it
usually improved with the passage of time and it
was seldom necessary to change it for another strip
Dose-response curve. When the gut was suf¬
ficiently sensitive and stable, a dose-response
curve was recorded with histamine standard solut¬
ions from 0,25 to 2.5 ng/ml. The doses were
placed in the 'doser* by hand using separate
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Pasteur pipettes38# In the range 0.25 to 2#5 ng/ral
of histamine, the dose-response curve was approxi¬
mately linear and the gut usually detected differ¬
ences of 0*25 ng/ral in this range (Pig# 4)# Often
both an ascending and descending dose-response
curve was recorded* A lower dose followed by a
much higher one (or the reverse) sometimes affected
the response, owing to residual solution in the
♦doser1# Interference from this cause within a
sequence of doses seldom occurred because it was
always possible to perform the assay within a
narrow range of the dose-response curve# When
Tyrode's solution was applied from the *doser*
(in place of a dose)# there was usually a small
contraction of the gut*. This was always less than
the concentration with 0,25 ng/ml histamine stand¬
ard and was regarded as a 'zero effect**.
'lest solution. The dried residue was dissolved
in 5*0 ml of the modified Tyrode's solution (S*2/l0/\
1)*, Since many of the test solutions required
further dilution, the first dose was a trial fract¬
ional dose of the test solution# 0*2 to 0#3 ml of
m These were special long Pasteur pipettes (about
30 era) which were drawn out and bent at the tips#
About 2 ml of solution eouldfce withdrawn convenient¬
ly from a 50 ml flask#. Similar pipettes were used
for applying the test solution on the 'doser'#.
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Fig. Responses of superfused guinea pig's
ileum to doses of histamine standard
solutions, Tyrode's solution and a puri¬
fied extract of brain. The first part
of the tracing shows a dose-response
curve and the second part a typical assay.
The numerals give doses of histamine
standard solutions in ng/ml. Other doses
are labelled as follows: TYR, Tyrode's
solution! TP, a fractional dose of the
test solution! T, test solution diluted
1 in i+ and estiraated to contain 1.12 ng/ml.
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the test solution was placed in the 'closer' and
Tyrode's solution from a wash bottle was added in
the 'doser' up to the mark at 0.6 ml. The proper
dilution of the test solution, required for the
assay could be inferred from the contraction with
the trial dose. When required, a dilution of the
test solution was made in a 10 ml graduated cylinder
ihe assay. This was done by bracketing. An
arithmetical scale for the standard doses v/as
chosen (Adam et al, 1957). Usually 5 or 6 doses
of the test were interposed between doses of the
standards. A dose of Tyrode's solution was given
between two sets of assays.
The estimate of concentration of histamine in
a tissue sample w as calculated as follows:
estimate of concen¬
tration (ng/xnl) in X dilution X 5 X 5/4.6
the test solution factor
= estimate as nanogram (ng) in whole tissue sample,
iv cf histamine in sample X 1000
weight of sample in rng
= Estimated concentration of histamine ng/g of the
tissue sampled.
The factor 5/4.6 was used to correct for the
volume of aliquot (4.6 ml) collected from the super¬
natant , assuming that the histamine present in the
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extract was equally distributed in the supernatant
and in the much smaller volume occupied by the
precipitate.
2/10/5 euvrar.ine test .*
In testing for the presence of histamine in
commercial samples of histidine, the test solution
was reassayed in the presence of Tyrode's solution
containing 3 ng/ml mepyramine. A few uoses of
3 ng/ml histamine were applied at first. The
contractions to 3 ng/ml histamine soon became
minimal, loses of the test were then applied
alternating with equiaetive doses of histamine
standards (those used beforehand for bracketing
the test). The test was reassayed.
2/ i 1 REG0ViiRY IMENTS
The object of these experiments was ta test
the efficiency of the method.
a) histamine added to brain (in quantities of 25»
50 and 100 ng)
1, histamine was added to SAmpits es
(5"o- fco mgj c c piba. £<*n 'wUcW 3
<fc: 5yul jvi^X i h- C .
2. Histamine was added to 4 ml aliquots of
a suspension of precipitate obtained by adding
A more complete Mepyramine test was reported by
Adam (I96I) and ilye (1964). It was found that a
concentration of mepyramine which abolished the
response of the ileum to equiactive doses of test
and histamine s tandard, only slightly reduced the
response to doses of 5-HT and substance P (Adam,
1961).
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TCA (5 Ml/rag) to cerebral cortex; the precipitate
was then suspended in water so that the final
amount of tissue in the extractant was 15 mg/ml.
Each aliquot contained 60 mg of tissue.
In all these experiments control samples were
taken to estimate the histamine originally present
in the tissue. The recovery was calculated from
the difference between the total amount estimated
and that present in the control,
b) histamine ado.efl to supernatant of brain extracts
The same quantities of histamine were added
to the supernatant obtained from cerebellar tissue
(see page 55 ) after precipitation with TCA, cen-
trifugation and neutralization. The recovery was
calculated as in the previous experiments.
c) histamine added to buffer solution for adsorption
To test for the loss of histamine after adsorp¬
tion step (see page 57 ), the same amounts of
histamine were added to 10 ml aliquots of buffer
solution (0.05 molar, 100 mEq/l Na"^). The recovery
of histamine from buffer was thus compared with the
recovery from tissues as well as from the super¬
natant .
In two experiments 500 and 1000 ng of histamine
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were applied to the columns with "buffer solution
to test for any loss of histamine in the effluent.
2/12 SPECIFICITY OF THE METHOD
The method has already been thoroughly tested
in this laboratory (Adam, 1961; Hye, 1964)•
The eluate retained its activity after heating
in 6 N HC1 for 30 min (Barsoum and Gaddum, 1935)»
This treatment destroyed the activity of 5-HT,
noradrenaline, substance P and posterior pituitary
extract (Adam, 1961).
On repeating the assay in the presence of low
concentration of mapyraiaine (3 ng/ml Tyrode's
solution) the estimates for histamine equivalent
agreed to within 10/ (Adam, 1961; Hye, 1964-).
These workers found that doses of test and standard
solutions of histamine were always found to be
equally inhibited or abolished by mepyramine.
An eluate from dog's hypothalamus lost 95/ of
its activity when incubated with histaminase
(Adam, 1961).
Although Adam's method (1961) cannot discrim¬
inate between histamine and its catabolic methylated
derivatives (Ochild, 1947; Werle and Palm, 1952),
these are not likely to be a serious source of
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error# 1,4-Kethyl-histamine, which is present
in the brain (S* /p has been shown to have l/35<Hh
to l/200th the activity of histamine on the ileum
(Lee and Jones, 1949i Green, 1964; Hye, 1964).
JB~I~Monomethylhistamine was reported to be more
potent than histamine on the ileum (Vartiainen,
1935? Schild, 1947). Other workers, however,
have found that the potency is about 80/* that of
histamine on the same preparation (Lin, 1961;
Bertaccini and Vitall, 1964; Adam and Hye, 1966).
This histamine derivative, however, has not been
identified in brain extracts of the ox (Werle and
Palm, 1952) and cat (Adam and Hye, 1966). N,H-
Bimethylhistamine which has about 3/4th the activity
of histamine on the ileum (Lin, 1961; Bertaccini
and Vitali, 1964; Adam arid Hye, 1966) has not
been found in cat brain (Adam and Hye, 1966).
These results provide evidence that activity
assayed in the test solutions is probably due
to histamine (Adam, 1961) and not a mixture of






The results of recovery experiments are given
in Table 8#. The amount recovered in each case is
shown and is also expressed as a percentage of the
amount added, The mean recovery of histamine when
25 to 100 ng of the amine was added to brain tissue
samples (Nos, I to 18 in the Table), was 70$ (range
30-95)» These recoveries are sitailar to those
reported for the dog (Adam, 1961) and cat (Adam and
Hye, 1966), When histamine was added to supernatant
(Nos, 19 to 24 in the Table), the mean recovery
was 97 (range 89-100); when added to buffer solut¬
ion (Nos, 2$ to 47)# 91$ (range 80-100),. When
histamine was added to buffer in quantities of
500 and 1000 ng (Nos. 48 and 49 in the Table), none
was detected in the effluent which had been applied
to a second column; it is therefore unlikely that
incomplete adsorption was a cause of loss. When
hypothalamic tissue was extracted three times with
trichloracetic acid (Hye, 1964)# more than 99$ of
the histamine extractable from the tissue was pre¬
sent in the first extraction. Hence it appears




Histamine added to portions of rabbit cerebellum
{50-60 ) after precipitation with trichloracetic
.acid
Experiment Histamine Estimated Percentage Recovery
number a?ided (na) recovery* (na) (approximately)
1 100 86.1 86
2 100 85.8 86
3 100 95.0 95
k 100 95.3 95
5 50 3U.2 68
6 50 3b.0 68
7 50 3b. 1 68
8 50 bl.b 83
9 25 8.2 33
10 25 10.0 1*0
11 25 7.7 31
12 25 6.8 27
-Histamine added to 1* ml allquota of cerebral cortex
(equivalent to 60 mg of tissue) after precipitation
with trichloracetic and dilution with water
13 100 82.9 83
1U 100 91.0 91
15 50 b2.b 85
16 50 k2.b 85
17 25 11.5 1*6
18 25 11*.o 56
■histamine added to 1+.6 ml. aliquote of supernatant
from cerebellar tissue (equivalent to 6C mar) after
nreclnitat1on with trichloracetic acid, centrlfuga-
liflfl and neutralization
19 100 99.0 99
20 100 95.3 95
21 50 50.0 100
22 50 1*9.3 98
23 25 22.3 89
21* 25 25.0 100
In experiments Nos. 1-21+ the values were corrected for
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25 100 90 90
26 100 92 92
27 100 90 90
28 100 88 88
29 100 88 88
30 100 90 90
31 100 88 88
32 100 9k 94
33 50 46 92
34 50 kQ 96
35 50 48 96
36 50 kk 88
37 50 45 90
38 50 50 100
39 50 44 88
40 50 44 88
hi 25 23 92
42 25 24 96
k3 25 22 88
kk 25 22.5 90
k5 25 25 100
46 25 20 80
47 25 22.5 90
48* 1000 1000 100
49 500 500 100
In experiments Nos. 51 and 52 no histamine










91 ± 1 (23
(no. of experiments)
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and centrifugation step} that a portion of
histamine io destroyed^ irreversibly bound to the
precipitate,
hiS'i'RIBUTION OP HISTAMINE IN THE RABBIT BRAIN AND
HYPOPHYSIS
Values from different parts of the brain and
hypophysis were obtained under various conditions
as shown in the Diagram (Table 9» 10, 11), In
the earlier experiments rabbits were anaesthetized
with ether; later, it was found that the animals
were more easily maintained under pentobarbitone
anaesthesia. Some brain samples were obtained afte
perfusing the head with Ringer-Locke solution
(S* 2/6)t others after i.v. infusion with isotonic
saline (16.7 ml/Kg/2 hr).
The results were analysed statistically under
each condition and the significance of the differ¬
ence between means (saline infused v. not infused;
head perfused v, not perfused; ether v. pento¬
barbitone) was determined by "Student's" % test.
The comparisons were based on values obtained for
the anterior lobe of the hypophysis, the hypothal¬
amus and occasionally for other parts of the brain
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Conditions under which control samples were collected
Anaesthetic
Pentobarbitone










Saline infused Mot infused
?ablq 9
Region












(P » 0.05) 570-320
No. 13
Hypothalamus





(P = 0.05) 550—830
No. 7
80
Two out or the four values from the group
without saline infusion fell outside the fiducial
limits of the group withsaline infusion. In view
of the small number in the group» it seemed
reasonable to pool the two groups for further
comparison.
3/2/2 SfXfifit gff fiBfffBthsUfi
Head not perfused
i Pentobarbitone




Estimates of concentration as ng/g fresh
tissue
Ether Pentobarb1 tone











Since the differences between the means for
the anterior lobe of hypophysis and/the hypothala¬
mus <?Ae not statistically significant (P>0.8)f the
/•■t caeA. of ttu. tissues
results of the two groups were poolec/and used in
another comparison.
3/2/3 Effect of perfusing the head with Finger-Locke
Solution
Pooled values collected under ether
for. pentobarbitone anaesthetics
Head not perfused Head perfused
,1,1
Estimates of concentration as ng/g of fresh
tissue
Region Head not perfused Head perfused






670+40 23 580-760 590+60 8 440-730
Hypo¬
thalamus 650+30 17 580-720 700+40 8 600-810




300+20 15 260-340 240+20 7 180-300




60+5 12 50-70 30*+5 9 15-40
^Significantly different, P<0.01
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The object of perfusing the head was to esti-
mate the proportion of histamine which could derive
from residual blood in the tissue samples»
Sokoloff (1961) used an isotopic method to
measure capillary blood content of the cat's braini
the mean content was 1#2$ of tissue weight. In the
present studies the mean value for the concentration
of histamine in rabbit whole blood was about 4
(Table 3)* On the basis of Sokoloff's findings
(1961), it was calculated that blood might contri-
bute 50 ng of histamine per gram of brain tissue*
However, the mean values of various samples obtained
after perfusion of the head were indistinguishable
from those where the animals had only been bled#
The exception was the cerebellum, in which the mean
concentration fell by 505& after perfusion (from
60 to 30 ng/g)* It is therefore probable that abou;
30 ng of histamine extractable from one gram of
brain tissue is blood histamine#. However, the
values reported in this work have not been correct¬
ed for the possible contribution of histamine by
blood »
According to Sokoloff (1961), the capillary
blood content of brain is relatively uniform#
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Hence, were histamine in extracts of brain to deriv^
wholly from blood, its distribution would also be
expected to be uniform. Table shows that histamine
is, in fact, unevenly distributed in brain. Since
perfusion of the head made no eigrlficant difference
to the mean estimates, it was not adopted as a
routine procedure.
3/2/4 Pooled results
Because it was not possible to distinguish
between the effects of perfusion, anaesthetic and
saline infusion, the results were pooled and re¬
calculated (Table 12). The concentrations are
expressed as nanograms per gram of tissue weight
and these have been rounded off to the nearest 10 n^
after calculations. The standard error (S.E.) of
the mean value is given to the nearest whole
number. Where the areas are represented by few
rabbits, only the mean value and the range are
given.
Table 13 shows the calculated amount of hist¬
amine in the hypophysis and in samples of brain.
Hypophysis. Mean values for the concentration
of histamine in the anterior lobe (650 ng/g) and po^
terior lobe (400 ng/g) are lower than those report¬
ed for the dog (Adam, 1961) and cat (Adam and Hye,
83a
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Histamine In rabbit*b hypophysis and brain (pooled controls^.
Estimates of concentration aa ng/g of fresh tissue












































































































CHOROI2 8 610 30-1800
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Table 13
Weight of tissue samples and estimates of the amount of histamine
























Basal ganglia 1000 830-1170 270 200-320
Hypothalamus 50 23-71 33 - 6-L 2>45
Medial thalamus 45 29-92 ' 12 * i2* **■ 6-20







46 22-68 x 8 /-£> 5-10




matter 59 32-92 *17 10-24
HINPURAIR 900 810-920 72 54-81
Region of pons
and medulla





CEREBRUM 2600 2300-2900 312 234-442
Cerebral cortex 66 37-92 / 7 l-k 3-11




CSRJMAVM 1250 1100-1400 100 If 75-112
Vermis 59 45-90 4 0-? 2-5
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1966) and varied over a narrower range* Occasion¬
ally high concentrations were encountered in the
anterior lobe* The weight of the posterior lobe
was small and variable and occasionally contained
kfe tdt:tectib'UyjwnM^jk#«cul& be detccted
1; t":o method* The concentration of the amine
was higher * in the anterior lobe than in the post¬
erior lobe*
Hypothalamus., The highest concentration in
the brain was in the hypothalamus (mean 660 ng/g),
Estimates for the hypothalamus and for most parts
of the brain were less variable than those for the
hypophysis. Beyond the hypothalamus, the concen¬
tration fell progressively and did not exceed 280
ng/g.
Rest of the brain. In the medial thalamus the
mean concentration was 270 ng/g. In 4 parts of the
midbrain, the mean concentration was in the range
170 to 280 ng/g. Elsewhere, the concentration
was less than 180 ng/g, being lowest in the cere¬
bellum (?60 ng/g). Thus the difference in concen¬
tration between the hypothalamus and cerebellum
w&s about 10-fold,
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ESTIMATES OF HISTAMINE IN THE BABBIT WHOLE BLOOD
Collection of Blood samples for the estimation
of histamine has been described in Section (2t/l)*
0*05 ml of blood was taken and histamine was
extracted in tao manner similar to the extraction
and purification of histamine from brain tissues*
Saline infusion experiments were conducted as
controls for the intravenous infusion of amino
acids* One blood sample was collected before the
infusion of saline and another just before the end
of infusion or before bleeding* Blood samples
were also taken for the haematocritt before and
after infusion* The concentration of histamine in
blood after infusion was corrected for the change
in haematocrit* Estimates are given in Table 14*
Values are expressed as nanograms per ml of blood
and these have been rounded off to the nearest
100 ng after calculations* The results show that
infusion of saline did not alter significantly
the concentration of histamine in blood*
Table 15 shows the mean concentration of
histamine in rabbit whole blood from 127 untreated
animals *
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Estimates of concentration of histamine in rabbit whole
blood, before and after intravenous infusion of saline







1 3300 (42) 3300 (38) 3600
2 2200 (33) 2700 (33) 2700
3 2700 (46) 2700 (45) 2800
4 3000 (39) 2700 (39) 2700
5 2700 (42) 2500 (40) 2600
6 3300 (40) 3200 (39) 3300
7 7000 (35) 7600 (34) 7700
8 4300 (39) 3700 (37) 3900
9 6500 (33) 4900 (30) 5400
10 6500 (42) 6500 (42) 6500
11 2700 (42) 2700 (42) 2700
Rabbits 1-11
Mean+S.E. 4060+530 3900 4000+530
Haeraatocrit (39.5) (33)
( ) Haeraatocrit value; per cent of Packed Cell Volum
In rabbit 1 and 2 (After infusion)t samples were
taken before dteeding; the rest were taken just befor




Estimates of the concentration of histamine in whole blor










References has already been made to earlier
work on histamine in rabbit brain (Table 1) and
in whole blood (Table 3)* Values have not so far
been reported for the hypophysis.
The object of the present work was to prepare
a detailed map of the distribution of histamine in
the rabbit's brain and hypophysis, thereby relating
the anatomical area or region to the concentration
of the amine.
The method of estimating histamine in brain
tissue was that of Adam (1961). The recoveries
d
87
by tiiie method were consistent in the range 25 to
100 ng of histamine added to brain tissue (Table 8 )
Various tests of specificity (Adam, 1961I Adam
and Hye, 1966) have provided convincing evidence
that the activity estimated in the assay is prob¬
ably histamine,
BLOOD
The mean estimate was 3*9 Jhg/ml with range
1.6 to 8.8 (127) and is comparable with values
reported by other workers (Table 3)* The correl¬
ation coefficient (r) was calculated to test for
dependence between the concentration of histamine
in blood and the quantity of amine extractable
from hypophysis or brain. Table 16 gives the
value of 'r* and the probability of its signific¬
ance (•Student's' & test).. The tests show that
there is no significant positive correlation
between the two variables, although in some
instances there is a positive trend. These find¬
ings suggest that most of the histamine extract-
able from brain and hypophysis is derived from the
actual tissue and not from blood.
HYPOPHYSIS
The concentration of histamine in the anterior
and posterior lobes of the hypophysis is lower than
87a
Test of correlation between the concentration of histamine
in Whole blond and the finnrpritratifin nf the amlrm fiYtrnst¬
able from hvpoohYBia or brain



























that reported for the dog (Adam, 1961) and cat (Adam
and Hye, 1966) and less variable (Table 2)*. In the
dog and cat the high concentration of histamine in
the gland is associated with the presence of mast
cells (S* 1/3)*
It is not yet known whether the rabbit*s
hypophysis contains mast cells* The lower concen¬
tration of histamine in the gland and the paucity of
mast cells in the rabbit*s organs and tissues
(Constantinides, 1953) suggest that hypophysial
histamine does not derive from mast cells* Indirect
evidence presented in Part II of this thesis, on the
effect of reserpine, favours this view; experiments
with reserpine showed that in the anterior lobe of
the hypophysis histamine was depleted to the same
extent as in the hypothalamus* Since reserpine does
not release histamine from mast cells (Parrat and
West, 1957), it can be assumed that histamine in the
hypophysis is probably not in mast cells* Histolog¬
ical studies are needed to test this assumption*
\/3 BRAIN
PrJ-gj-n, o£ br^ifl fc^tqmiiie* In theory, histamine
in brain may derive from (a) mast cells, (b) the
blood (platelets) and (c) neural tissue*
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(а) ISast cells. As already mentioned (S. 1/3)
mast cells have not been found in the brain of
several mammalian species, including the rabbit
(Constantin!die, 1953)* Studies on the subcellular
distribution of histamine in the brain of rat and
dog indicate that the amine is not present in mast
cells (Carlini and Green, 1963§ Michaelson and Dow
19631 Kutoka and Robertis, 1967). far, studies
are not available on the subcellular localization
of histamine in the rabbit brain.
(б) Bjood. The evidence supporting the
assumption that histamine extraetable from brain
or hypophysis is mostly tissue amine and not derived
from blood is summarized belows
(1) Perfusion of the head with Ringer-Locke
solution (S» 3/2/3) did not produce a detectable
fall in the concentration of histamine in hypophysis
or brain (except in the cerebellum).
(2) Histamine is unevenly distributed in the
brain (S. 3/2/3).
(3) Hie concentration of histamine in blood is
not correlated with that of the brain or hypophysis
(Table 16).
Further evidence is presented later in the thesis.
90
Distribution. The distribution of histamine
in rabbit brain is similar to that found in the dog
(Adam, 1961) and cat (Adam and Hye, 1966), though
the concentrations in the hypothalamus and medial
thalamus are lower.. The present results do not
agree with the high values reported for the rabbit
(Shore, Burkhalter and Cohn, 19591 Waalkes, Coburn
and Terry 1959# See Table 1). These authors esti¬
mated histamine by chemical methods and concluded
that it was more or less uniformly distributed in
the brain..
In the present study, the highest concen¬
tration w as found in the hypothalamus followed by
the medial thalamus, midbrain, pons-medulla, cere¬
bral cortex and cerebellum* The gradient across
these regions is difficult to explain but might be
related to morphological factors such as density
of neural cells or the distribution of histidine
DC and the methylating enzyme*
Comparispn o£ frigtamifie distribution with DC
and IMT activities. The high histamine concentrat
ion in the hypothalamus agrees well with the find¬
ing that the hypothalamus in the cat has a high
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capacity to form histamine from histidine (S.l/6)
(White, 1959* I960),. Parts of the brain in the cat,
like the cerebral cortex and cerebellum which show
little capacity to form histamine vitro (White,
1959) also contain very little histamine.
Brain tissue catabolizes histamine by ring
methylation (Brown et al, 1959) and the methylating
enzyme is present in most parts of the brain
(Axelrod et al, 1961, See S.1/7). The distribution
of histamine in the rabbit brain does not seem to
parallel the distribution of INMT activity. Accord¬
ing to Brown et al (1959) the enzyme activity is
more or less evenly distributed in the rabbit brain.
Comparison with monoamines* The distribution
of noradrenaline and dopamine in the rabbit brain
has been studied in some detail by Matsuoka, Yoshida
and Iraaizumi (1964), using chemical methods (Table
17). The mean concentrations of noradrenaline and
dopamine in the hypothalamus were 810+230 and
470+220 (S.E*) ng/g respectively» and are roughly
comparable with the mean concentration of histamine,
(660+27 ng/g)*> Table 17 shows the distribution of
catecholamines in the rabbit brain as reported by
91a
Regional distribution of some Biogenic amines In t.h*> rabbit brain. Estimates. aa nc/g.






































60*0.0 (14) 850*340 (14)
Dopamine 122*29 (12) 352*92 (12)
470*220 (14)
270*50 (14) 180-320* (14) 270*120 (14)
265*31 (12)

























All the values reported for catecholamines in this table were assayed by chemical methods. The values for 5-HT were assayed chemically, except
those reported by Costa and Colleagues, which were estimated biologically, Costa et al (i960) perfused the rabbit head with saline.
( ) reference
*
range of concentrations in different parts
^
range of several means.
Refereagss
(1) Bogdanski, Pletscher, Brodie and Udenfriend, 1956.
(2) Brodie, Shore and Pletscher, 1956.
13) Costa and Aprieon, 1958.Ik) Costa and Rinaldi, 1958.
(5) Brodie, Spector and Shore, 1959.
(6) Himwich, Costa, Pscheidt, and van Meter, 1959.
(7) Waalkes, Coburn and Terry, 1959.
18) Costa, Pscheidt, van Meter and Himwich, i960.
(9) Chirsey and Olson, I960.
'10) Spector, Kuntzman, Shore and Brodie, I960.
;il) Joyce, 1962,
.12) Weil-Malherbe, Posner and Waldrop, 1962.(13) Spector, 1963.
(14) MatBuoka, Yoshida and Imaizumi, 1964.
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various authors, and the values are compared with
the histamine concentrations obtained in the pre¬
sent study* Like histamine, the concentration of
catecholamines was highest in the hypothalamus and
fell progressively in the thalamus, midbrain,
cerebral cortex, hindbrain and cerebellum* In the
caudate nucleus the concentration of histamine is
much lower than that of catecholamines as reported
by Matsuoka et al (1964) and Spector (1963)*
Values for 5-HT in various areas of the rabbit
brain have been reported by several workers and
are shown in Table 17 * The mean concentration
in the hypothalamus is 430+120 (S*E*) ng/g (Joyce#
1962)* Values obtained for the midbrain (380-830
ng/g) and the hindbrain (580-630 ng/g) are higher
than those found in the present work for histamine
(170-280 ng/g for midbrain and 140+15 ng/g for
hindbrain)* 5-HT, like histamine, is present in
large quantities in the rabbit platelets (Table 4 )►
The control values for 5-HT in the rabbit brain sten
reported by Coeta, van Meter and Himwich (i960)
are lower than those obtained by Brodie, Spector
and Shore (1959) and dthers (Table 17)* because
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"the perfusion of the brain in situ with saline
probably removed a portion of the biogenic amine
present in the vascular system of the brain"
(Costa et al, I960).. These authors® however, made
no comparison with values obtained without perfusiofi;
hence the difference might have been due to the
different . methods employed! Costa et al (I960)
assayed 5-ta- biologically! Brodie et al (1959)
used a chemical method.
Concluding remarks. Like monoamines, histamine
is unevenly distributed in the brain which "suggest!
that the agent has a role to play in the specialized
function of those regions where its concentration
is high", (Vogt, 1959, S.l/H)» Histamine has been
isolated from small nerve endings and synaptic
vesicles (Katoka and Robertis, 1967). Besides its
actions on peripheral organs, it has pharmacological
actions on the brain (S.l/ll)» Theee facts would
seem to support the hypothesis that histamine has a
physiological function in the brain* But "until
more is known about the exact site of its formation
and storage, and the conditions necessary for its
release, speculation is likely to be unprofitable"
(Adam, 1961). A closer analysis of the effects of
93a
histamine on brain functions is necessary* Study
of the possible means of increasing or decreasing
the histamine content, and of its formation and
catabolism in the brain will shed more light on
its functional significance.
PART II
CHANGES PRODUCED BY TREATMENT




MLittle Is known about the effect of drugs
on the histamine content of the brain in mammal a#
This is in sharp contrast to the wealth of inform¬
ation available on the effect of drugs on the
levels of serotonin and catecholamines11, (Kahlson
and Rosengren, 1965)* It seemed desirable,
therefore* to test whether treatment with certain
amino acids and drugs could alter the concentration
of histamine in rabbit* s brain. Drugs and amino
acids were chosen for their known effects on the
concentration of monoamines and on the catabolism
of histamine. Injection of DOPA or 5-HTP is known
to raise the concentration of the corresponding ^
amines in rabbit brain (S, 6 ), Hence it was
of interest to study the effect of histidine on
the concentration of histamine in brain and the
Interaction of histidine with drugs, particularly
reserpine.
The major pathway of histamine catabolism in
brain is by ring methylation (S. 1/7). The
various metabolic steps are shown schematically
in Fig, 5m Theoretically, a drug can affect
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synthesis, uptake, release or catabolism of hist¬
amine in brain, and thus may influence directly
or indirectly the concentration of the amine.
Hence, the concentration of histamine in brain
would be expected to rise after treatment with
histidine or with drugs that inhibit catabolism,
and to fall after treatment with drugs that
Interfere with synthesis or storage.












Various authors have attempted to study the
effect of drugs on the concentration of histamine
in whole brain of rabbit (Waalkes, Coburn and
Terry, 19591 Burkhalter, Cohn and Shore, I960),
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guinea pig (Waalkes et al, 1959) or rat (Ungar and
Witten, 19651 Walaszek and Chapman, 1963)* Adam
and Hye (1966), however, studied the effect of
drugs on a regional basis and thus avoided the
inclusion of large areas of brain which contain
only minute quantities of histamine*
In the present work, various areas of brain
were selected for these studies* The anterior
lobe of the hypophysis was also included, since
it served as a control area outside the blood
brain barrier* Blood samples were taken before
and after treatment because changes in the concen¬
tration of histamine in blood might have contribut-f
ed to changes observed in the brain.
The extracts were purified and histamine
wsb estimated as described (S. 2/9 and 2/10)* In
some experiments saline was infused as a simultan¬
eous control for the infusion of amino acidsj
these values were pooled with those of the untreated
controls (Table 12), The significance of the
the
difference between the mean of/control and the
Hu. the
mean of/treated/group was calculated by * Student*s
Jt test*
The amino acids and drugs, their administrat-
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ion and the results obtained after treatments
are described; the effects of the compounds are
then summarized and discussed.
Fig- 5# Schematic diagram of pathways for storage
and metabolism of histamine in the brain (based





























FORMATION AND UPTAKE OF HISTAMINE
The formation and uptake of histamine have
been briefly reviewed (S* 1/6 and 1/8),
In the following experiments the formation
of histamine in brain was studied in the conscious
rabbit* but the results could not be easily inter¬
preted without further tests. These included:
(a) Perfusion of the head with Ringer-Locke solut¬
ion.
(b) Infusion of hypertonic solution
(c) Intravenous injection of glycogen
(d) Infusion of histamine
(e) Study of the effect of time on the concentrat¬
ion of histamine in brain after hlstidine
infusion.
(f) Infusion of histidine in the anaesthetized
rabbit
(g) Formation of histamine from histidine during
the procedure for extraction and purification.
Some of the above experiments are described
in this Section} others in the Appendix.
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5/1 INFUSION OF HISTIDINE IN THE CONSCIOUS RABBIT
5A/1 HwtorlEla. aafl method
The rabbit was restrained by placing it in
a wooden box the top of which was closed by a
sliding perspex lid# The front part of the box
was cut away so as to allow the head to protrude*
Blood samples for haematocrit and histamine esti¬
mation were taken before and towards the end of
infusion* The preparation of histidine solutions
and the procedure for their i,v. infusion has
already been described in Section 2/3 and 2/Lu
Each dose of histidine was infused over a period
of about 2 hr* Half an hour after the end of
infusion the animal was anaesthetized with pento¬
barbitone. The eax»otid arteries were exposed and
cannulated | the rabbit was then heparinized and
bled) the brain and hypophysis were removed
immediately and dissected as described in Section
2/7 and 2/8.
Street q£ repeated inffuejLgftg of hlsuaine.
Raboits were given 3 infusions spaced over a
period of 2k hours. In each infusion the animal
received 500 mg/Eg/2 hr.
Two rabbits received a total of 1000 mg/Kg/
b hr.
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Effect of a single Infusion of hlstidlne.
The doses were 500f 250, 125* 62,30, 15 and 5 ®g/
Kg/2hr.
5/1/2
The rabbits appeared to he unaffected by the
infusion of histidine, showing neither sedation -
nor excitement nor changes in the rectal temper¬
ature.
fifffcgt pel histamine, fipnfigntratton. Values
for the concentration of histamine in blood, hypo¬
physis and various parts of the brain after diff¬
erent doses of histidine are shown in Table 18.
The dose-response relationship is also shown
graphically in Fig. 6.
In the dose range 62 to 150Q mi?/Kg, histidino
increased the histamine concentration in various
parts of the brain, but not in the anterior lobe
of the hypophysis nor in blood. The concentration
rose in the posterior lobe of hypophysis after a
dose of 500, 1000 and 1500 mg/Kg. Although the
concentrations were highest in the hypothalamus,
the greatest percentage rise occurred in the
central grey matter and tegmental region of the
100a
Jafrjg A?
ElXest of, EUaUftUe irtfusAona on the gonff6Rtjra.UgB.gf his taming.*a hyagpto;U«.frrain pn&, blood. of the, rpbfrlt.
Mean estimate * S,E, expressed as nanograms per gram of fresh tissue or nanograms per ml of whole blood* (Ho* of rabbits)*
Dose of histidine (mg/Kg) infused over 2 hours
Region Control 3 x 500
















































































































































































4200^340* 2400(2) 2900*500(10) 3700*800(5) 410000 5200(2) 6400(2) kK)
? Values corrected for changes in the haematocrit reading
Blood samples taken just before bleeding the rabbits
In the dose range 250 to 3*500 mg/Kg histidine the increases in different parts of the brain were highly significant (P<. 0,01 - <0,001),
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midbrain. In the hypothalamus, the mean percent¬
age increase over the control was from 50 to 250&I
in the central grey matter, from 90 to 320%f in
the tegmental region, from 90 to 280%| in the
pons-medulla, from 50 to 1105& and in the caudate
nucleus, from 70 to 120$. After a dose of 500
mg/Kg, the concentration of histamine also rose
significantly in other parts of the brain, namely,
medial thalamus, superior and inferior corpora
yuadrigemina, cerebral cortex, hippocampus, floor
of hth ventricle and cerebellumf the increases
in these regions were in the range 90 to 160%.
In the dose range 62 to 1500 mg/Kg the increases
were in most eases highly significant (P< 0.01 -
^0,001), Where the number of values available
were to 2 to U, they were found to fall outside th<s
upper limits of the controls (P=0,05),
Within the dose range 5 to 30 mg/Kg, 5 aniraalu
were used. Only in the midbrain (central grey
matter and tegmental region) did the results fall
outside the fiducial limits of the control.
INFUSION OF HISTAMINE
Since histamine may have been formed outside
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Fig. 6. Effect of i.v. infusions of histidlne on
oxi the concentration of histamine in blood,
hypophysis and brain. The horizontal line
at 100 per cent represents the mean control
value for the concentration of histamine.
The columns represent the mean concentrat¬
ions of histamine expressed as percentages
of the control after various doses of
histidine. Each dose was infused at a
constant rate over a period of about 2 hr.
The rabbits were anaesthetized 30 min.
after the end of infuBion and then sacrif¬
iced, The last group received 3 separate
infusions of histidine (300 mg/Kg/2 hr)
over a period of 2h hr.
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experiments were performed to test for the poss¬
ible entry of histamine from blood into the brain.
5/2/1 MSmsISJA and methgfl
Rabbits received 5 mg histamine base per Kg
body weight. The total amount was dissolved in
30 ml of sterile isotonic saline and infused i.v.
over a period of about 2 hr. The slow injector
delivered 0.25 ml/min., hence the rate of hista¬
mine infusion wsb about 1+2 ng/Kg/mln, Thirty
minutes after the end of infusion, rabbits were
anaesthetized and bled. Histamine was estimated
in both lobes of the hypophysis, whole blood and
various regions of the brain. Five rabbits were
used. In rabbits 2, 3* b and 5 (Table 19) the
head was perfused with Ringer-Locke solution.
5/2/2 ftcsuUfi
Rabbits were observed for gross pharmacological
signs throughout the infusion. .About 30 min. aftejr
the start of infusion the breathing became rapid
and laboured and eventually the animal was pros¬
trates. Other Bigns included reddening of the
ears and eyes, relaxation of the nictitating
membrane, proptosis, profuse salivation, lacrim-
ation and running nostrils.
102a
TafrU 1L
Effect of intravenous Infusion of histamine (5 ma/ka/ 2 hv) on the concentration of histamine in hypophyses., brain and blood. Head perfused
with Ringer-Locke solution in rabbits Ho. 2. 3. L and 5.

















Rabbit 1 5130 3510 770 I4IO 210 120
Rabbit 2 5W 30140 1010 370 180 90
Rabbit 3 51*2*0y r?v 14800 800 310 180 70 2600 3000
Rabbit k 5580 3720 1*60 190 11*0 1*0 3300 1*100
Rabbit 5 3590 1630 U10 180 70 ho 3500 1*1*00
Rabbit 1-5




















*3igaificaatly different fxkJia control P <0.001 (anterior and posterior lobes of hypophysis),
P <0,05 (cerebral cortex),
P <>0.01 (cerebellum).
*Blood samples taken 8 and 1*. min, after the end of infusion, and 1*. min. before the end of infusion respectively.
These values all corrected for changes in the haematocrlt reading,
"Values obtained after head pex'fusion.
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5/1! The results (Table 19 and Fig, 7) show that
the anterior and posterior lobes of the hypophysis
take up histamine from the circulating blood.
In each, the concentration rose by about 700%,
In the hypothalamus and thalamus, histamine
concentration did not rise detectablyj but in
the cerebral cortex and cerebellum an increase of
50 and 130% respectively) was noted. Blood samples
taken few minutes before or after the end of
infusion, showed only a slight increase,
5/3 EFFECT OF TIME ON THE CONCENTRATION OF HISTAMINE
AFTER THE INFUSION OF HISTIDINE
In theory, the newly-formed histamine might
be in the cell cytoplasm or stored in granulesj
if in the cytoplasm, it would be expected to
disappear rapidly by catabolismj if in the
granules, the turnover might be slower. The
concentration of histamine in brain was therefore
estimated at different Intervals of time after
completing the infusion of hlstidine,
5/3/1 Mej&frgfl
At the end of infusion, the animals were
anaesthetized and killed at 16 and 32 hr, Rabbits




□ anterior lobe of hypophysis







. Effect of intravenous infusion of hista¬
mine (5 mg/Kg over 2 hr) on the concen¬
tration of histamine in whole blood,
anterior and posterior lobes of the
hypophysis and different regions of the
brain, expressed as a percentage of the
control. Rabbits were anaesthetized 30





Table 20 shows the concentration of histamine
in blood, hypophysis and various parts of the
brain at 16 and 32 hr after the infusion. These
times indicate the interval between the end of
infusion and the start of anaesthesia. The
results are compared with the effect of similar
doses of histiaine at £ hr. The means and S.E.
of the untreated controls are also Included in the
Table for comparison. Results are also shown in
Fig. 8.
Sixteen hr after the infusion of 5QQ mg/Kc.
the concentration of histamine in different regions
of the brain was still as high as at £ hr.
Sixteen hr after the infusion of 250 mg/Rg.
r
the concentration of histamine in the midbrain,
hindbrain and caudate nucleus was slightly lower
than that at t hr| in the hypothalamus, however,
the values were comparable with those of the
untreated controls. At 32 hr the concentration
of histamine in all areas of the brain examined





Effect of time on the concentration of his-tamine in hypophysis, brain and blood after various doses of histidine
Time interval indicates the number of hours between the end of infusion and the start of anaesthetic



















































































































































taken 16 hr. after end of infusion
* values taken from Table 18 t page 100a
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Sixteen hr after the infusion of 62 rag/Kg. the
values of histamine were not different from those
of the untreated controls#
Within this dose range and at these time
intervals, the concentration of histamine in
blood and anterior lobe of the hypophysis remain¬
ed unchanged#
5A INFUSION OF HISTIDINE IN THE ANAESTHETIZED RABBIT
Infusion of a large dose of histidine (500
mg/Kg/2hr) in the anaesthetised cat (Appendix 1 )
did not produce a significant rise of histamine in
the hypothalamus or cerebral cortex# The failure
might be explained In several ways, including the
effect of the anaesthetic#
3M Material a, aafl. me.thgfl
The procedure was similar to that used in
Section 5/1 and described in Section 2/3 and 2/k
except that rabbits were first anaesthetized with
pentobarbitone and then Infused with various doses
of histidine (500, 250 and 62 mg/Kg/2hr)# Hista¬
mine was estimated in whole blood, anterior lobe
of the hypophysis and various parts of the brain#








NO. OF RABBITS 5
TME INTERVAL 1/2
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Fig. 8. Effect of time on the concentration of
histamine in blood, hypophysis and brain
after various doses of histidine. The
horizontal line at 100 per cent represents
the mean control value for the concen¬
tration of histamine. The columns
represent the mean concentrations of
histamine expressed as percentage of the
control in whole blood, anterior lobe
of the hypophysis and 5 regions of the
brain, after intravenous Infusions of
various doses of histidine (500, 250 and
62 mg/Kg/2 hr). Rabbits were anaesthet¬
ized at i, 16 or 32 hr after the end of
infusion and then sacrificed.
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5A/2 ReffttJLfta
These are presented, in Table 21* In the
dose range 62-500 mg/Kg, there was no evidence
of an increase in the concentration of histamine
in blood or anterior lobe of the hypophysis, with
the exception of rabbit (3)» where the value for
the anterior lobe was exceptionally high. Through
out the present work high values for this region
were occasionally met*
After a dose of 500 moAy. there was no clear
indication of a rise of histamine In the hypothal¬
amus, thalamus or cerebral cortex of rabbit (l)f
although the values for the central grey matter
and tegmental region showed an increase, they
were lower than the increases observed after the
infusion of a similar dose of histidine in the
conscious animal* But in rabbit (2) the increases
were similar to those seen in the conscious rabbit^
After a dose of 25Q rag/Kf the rise of hista¬
mine in various areas of the brain was of the same
order as that found after the infusion of the
same dose in the conscious rabbit* All the values




Concentration of histamine in hypophysis, brain and blood after Intravenous Infusions of histidine in rabbitB
anaesthetized with pentobarbitone
































































































































Values taken from Table 18 * page loOa*
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After a dose of 62 mo/Kg an Increase in the
concentration of histamine was detected mainly in
the midbrain, which was comparable with the
increase found in the conscious rabbit* The rise
of histamine in the hypothalamus, pons-medulla
and caudate nucleus was less evident* In one
experiment out of k» the infusion of 62 mg/Kg
in the conscious animal did not show a definite
effect*
It can be concluded from these results that
the anaesthetic did not interfere with histamine
formation from exogenous histidine* The negative
results in rabbit (1) are difficult to interpret*
GENERAL DISCUSSION
The rise of brain histamine seen after the
infusion of histidine was probably due to local
decarboxylation of the amino acid* Other factorsj
however, may have contributed to the result and
are discussed belowt
(a) Histamine,, in, whole blood* Histidine
may have been deearboxylated in formed elements
of blood, particularly platelets (S. 1/5), thereby
leading to a rise of histamine in whole blood*
Residual blood in the cerebral vessels would then
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increase the concentration of histamine extraetabl
from brain. This assumption was tested in various
ways and the following evidence was obtained:
(1) An increase in whole blood histamine
after treatment with histidine was not detected
(Table 18 and Pig. 6). Had there been an increase
one might have expected to find a uniform con¬
centration of the amine in various parts of the
brain. But this was not sot the rise occurred
unevenly and corresponded to the pattern of dist¬
ribution for histamine.
(2) In 6 rabbits out of 9$ infused with
hist!dine ( 3 x 500 rag/Kg over 2i+ hr), the head
was perfused with Ringer-Locke solution (S. 2/6).
The concentration of histamine in brain was not
diminished and the rise was comparable with that
obtained after bleeding only (Table 18).
(3) Intravenous injection of glycogen
(Appendix 3 ) caused a profound fall in the
concentration of histamine in whole blood but
not in the brain.
(b) Histamine 1 n Decarboxylation
of histidine by platelets and other tissues of
the body may have raised the plasma histamine.
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However, when histamine was infused intravenously
the concentration in the hypothalamus and thalamus
did not rise significantly (Table 19 and Pig. 7)*
(<0 Sftet <?f itVi infusion of tofir-tonAff
the
spjutiofi> Since/solution containing 30 rag
histidine base/ml was hypertonic (S, 2/3), it
might have reduced the water content of brain and
so increased the concentration of histamine#
However, when rabbits were infused with smaller
doses of histidine in solutions that were isotonic
(Table 7)* the increase in histamine content was
still evident (Table 18). Again, the i.v* infus¬
ion of hypertonic solution of histidine (30 rag/ml]
in the cat (Appendix 1 ) did not cause a signifi«>
cant rise of histamine in the hypothalamus. Hone-•
theless, to exclude the possible effect of hyper¬
tonicity, sucrose solution in a concentration of
66 mg/ml (contributing 192 mosmoles/l and similar
in osraolarity to that of histidine solution con¬
taining 30 mg/ml) was dissolved in normal physio¬
logical saline and infused. The results of these
experiments (Table 22) were comparable with those
of saline-infused controls.






















Concentrationfsucrose:66rag/mlis tonicline(0.9^) Osniolarityoflution:1+92mosm les/litre(300co tr butedbysal n 192bysucrose),whichi im lartohatf histidinesolutionc ntaining30mgba e/ml#(See.2/3).
1X0
(&) ggcarfryxylaUan 9f flag
extraction procedure. After repeated infusions
of histidine# the concentration of the amino acid
in hrain and plasma was high (Appendix 2 )#
Experiments (same Appendix) showed that hi atidine
was not adsorbed on the r esin-cellulose column
(pH 8.0)» nor was it converted to histamine in
detectable amounts when exposed to various treat¬
ments involved in the methodr Known quantities
of histidine were also added to brain samples and
extracted according to the usual procedure# The
recovery of histamine from these extracts was
similar to that of the control to which histidine
was not added.
The results of all these experiments support
the conclusion that most of the histamine extract-'
able from brain of histidine-treated rabbits is
histamine of tissue origin and not derived from
residual blood or formed as an artifact from
histidine*
Although the uptake of histidine by brain
has been studied in other species both ia vitro
(Neame, 1961* 1962) and Xu yiVQ (Kamin and Handler
1951)> similar studies have yet to be performed
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in the rabbit. In the present work (Appendix 1 )
a high concentration of histidine in the rabbit
brain was found after treatment with the amino
acid. Since histamine disappears rapidly from
the circulation (S» 1/9) and does not enter the
brain in measurable quantities (S. 1/8, Table 19
and Fig. 7), it may be concluded that the rise
of histamine concentration occurred because histi¬
dine entered the brain and was decarboxylated.
Histamine formation
After the i.v. infusion of histidine, the
concentration of histamine increased in many parts
of the rabbit brain (Table IS, Fig. 6). The
percentage increase was highest in the midbrain,
particularly in the central grey matter which was
sensitive to small doses of histidine. The rise 3ln
the midbrain and hypothalamus after 250, 500 and
1500 mg/Kg of histidine was related to the dose.
Increase In the concentration of histamine was
also noted in all parts of the brain examined,
especially after large doses. By contrast, the
concentration did not rise detectably in the
anterior lobe of the hypophysis or in blood.
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Hiatflffiinfi ftaaaa&laa X& cgBBariBon sXtk lbas
of monoamines* The rise of brain histamine seen
after the infusion of histidine indicates a rapid
turnover of histidine to histamine which was
greatest in the midbrain* This finding suggests
that histamine may have an important role to play
in Drain functions "if the synthesis of histamine
in the non-mast cell sites were to occur rapidly,
it would he logical to propose that it might have
a physiological function in the very tissues in
which it is located" (Johnson, Beavan, Krjavec
and Brodle, 1966)* The present results confirm
those of White (1959) who observed that the rate
■ 4
of histamine formation in hypothalamus of the cat
was 10-15 times greater than in the cerebral
cortex*
The rise of 5-HT in rabbit brain was maximal
during the first two hours after the i*v* inject¬
ion of 5-HTP (Costa and Rinaldi, 1956). Again,
the rise of dopamine in rabbit brain after the
i.v* injection of DOPA was maximal at 15-30 min
(Bertler and iiosengren, 1959). Hence it would
appear that histidine, in common with these amino
acids, is rapidly decarboxylated in rabbit brain.
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After treatment with 5-HTP, the concentration
of 5-HT was highest in the midbrain (Costa and.
Rinaldi, 195&I Costa et al, 1960)# hypothalamus
and caudate nucleus (Udenfriend et al, 1957 )I
smaller rises were detected in the cerebral cortec
and cerebellum (Udenfriend et al, 1957 I Costa
and Rin&ldi, 1958| Costa et al, I960)* After
treatment with DOPA, the concentration of dopamine
rose chiefly in the hypothalamus, caudate nucleus
and midbrain (Bertie<r and Rosengren, 1959)*
Similarly, the rise of histamine was greatest
in the hypothalamus and midbrain and least in the
cerebral cortex and cerebellum (Table Id).
SubseUuiar lofifrltaaUan pf newly-formed
histamine. Whether the newly-formed histamine is
free or bound is not yet known* Were it 'free*,
one might expect it to disappear rapidly by
catabolism* Since histamine formed from histidinr
(250-500 rag/Kg/2hr) persisted for at least 16 hr,
it may have been stored in particles. This
assumption could be tested by separating the
particles a&bw estimating the catabolite l,h-methyl-
histamine*
Ilk
Comparison of DC and INMT activities. Accordf
ing to Brown et al (1959) histamine methylating
activity in the rabbit brain was more or less the
same in the midbrain, cerebral cortex and cerebellijua.
This is in sharp contrast to the present findings
(Table IS) which show that formation of histamine
was greatest in the midbrain and least in the
cerebellum* A similar lacJc of parallelism between
formation and catabollsm has been reported for
the cat's brain (White, 1959)»
Hypophysis. The finding that hi8tidine did n
not cause a sigrifleant rise of histamine in the
anterior lobe (Table 18) confirms earlier obser¬
vations in the cat (Adam et al, 19&t)* Formation
of histamine may have been too slow to be detect¬
able lander the conditions of the present experi¬
ments! alternatively, histamine may have diffused
into the circulation*
The average histamine content of the poster¬
ior lobe (mean weight 5 nig) was about 2 ng (Table
13)* After the infusion of large doses of
histldlne, the content rose to about k ng. When
these values are expressed as percentages they
look deceptively large* Since recovery of small
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amounts of histamine (Table 8) from brain tissue
by the present method was not quantitative, it
is difficult to Interpret the small rise in this
part of the gland.
ggflff remarftg. Hlstidine, DO?A and
5-HTP are deearboxylated in the cytoplasm (see
Gaddum, 1956| Rosengren, I960), During the
shuttling between the cytoplasm and granules,
histamine runs the risk of methylation (S. l/7)»
The final concentration of histamine in cells may
therefore represent the amine which has escaped
catabolism (Green, 1962). "The likelihood of
a highly organized system in the synthesis and
intracellular transport of the amines is strength¬
ened by observations suggesting that the cell may
handle exogenous and endogenous amines differently
(Green, 1962)§ intact brain formed more MH from
exogenous histamine than from endogenous histamine
(White, I960), The same cells that contain bio¬
genic amines almost invariably contain enzymes
that catabollze them. The activity of these
enzymes is so high that the persistence of
significant stores of amines would be most improb-
116
able unless the enzymes were either inactive In
situ or not accessible to the amine*
The massive increase in brain histamine*
which followed the infusion of histidine, was not
accompanied by obvious pharmacological effects on
behaviourj this might suggest that the amine
was stored in granules* The slow disappearance
of the newly-formed histamine (Fig* 8) supports
this view,
fiifitontnfi mrtafce
After histamine infusion, the concentration
did not rise significantly in the hypothalamus
and thalamus (Table 19 and Fig* 7)* These find¬
ings agree with those reported for the uptake of
histamine by brain of other species (S, 1/8)*
In this respect histamine resembles other amines
(S* 6/3).
Nevertheless, the concentration rose signif¬
icantly in the cerebral cortex and cerebellum
when histamine may have diffused from the pial
vessels into the Virchow-Hobin spaces and so
entered the C»S*F* (Davson, 1956)* In contrast,
large doses of histidine did not produce a detect¬
able rise of histamine in the anterior lobe and
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had no apparent effect on behaviour. These
findings indicate that if the plasma histamine
had risen during the infusion of histidine# it wa
not sufficient to evoke pharmacological effects
or to increase the concentration of histamine in
the anterior lobe.
The marked rise of histamine in both lobes
of the hypophysis supports the view that hypoph¬
ysis is outside the blood brain barrier (Davsont
1956)* The small increase in total blood hista¬
mine confirms earlier reports that histamine dis¬
appears rapidly from circulation (S. 1/9)•
Pttra.UoBL of 1 ths-iiae In brain hmanUfte.
The duration depended on the dose of histi-
dine (Table 20, Fig. 8). After a dose of 62 mg/K.^
the histamine concentration in various parts of
the brain had returned to the control value by
16 hr. After a dose of 500 mg/Kg, the concentretf
ion at 16 hr was still as high as at 2 hr. After
a dose of 250 mg/Kg, the concentration began to
fall at 16 hr and was within normal limits at 32
hr. It is probable (a) that the newly-formed
histamine was 'bound* and therefore disappeared
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slowly or (b) that the concentration of histidine
in brain remained high for a long period of time
during which decarboxylation continued, (c) or that
both events occurred simultaneously.
In contrast, newly-formed 5-HT in rabbit
brain returned to normal concentration 3 hr after
the infection of 5-HTP (Costa and Rinaldi, 1958)
the newly-formed dopamine about 1 hr after the
injection of DOPA (Bertler and Hosengren, 1959)#
The rapid disappearance of these amines suggests
that they were probably *free*, which could
explain their marked effect on behaviour.
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SECTION 6
EFFECTS OF VARIOUS AMINO ACIDS ON THE CONCENTRATION OF
HISTAMINE IN RABBIT BRAIN» HYPOPHYSIS AND BLOOD AND TBElijt
INTERACTIONS WITH HISTIDINE.
Since '5~HT and dopamine are known to release
each other from storage sites in rabbit brain
(Bertler and Rosengren, 1959* Brodie et al, 1966
it was of interest to test whether treatment with
precursors could alter the concentration of hista-f
mine*
It has been suggested that histidine DC of
brain is 'non-specific* and resembles the enzyme
from the guinea pig kidney (S. 1/6)* £& v^.trp.
this enzyme has a strong affinity for 5-HTP and
DOPA but a low affinity for histidine (Udenfriend
et al9 1960| Weissbaoh et al, 196l| Loveriberg
et al9 1962)* If the same DC were responsible
for the formation of histamine in rabbit brain,
it would be expected that DOPA, 5-HTP, tryptophan
and a-methyldopa (an inhibitor of the DC and a
substrate for it) would interfere with histamine
formation JL& vft-vo by competitive inhibition*
iSach of these amino acids was therefore infused
simultaneously with histidlne and histamine was
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Blood (before and after treatment)
SECTION 6/1
L-ALPHA—METHYLDOPA
The action of alpha-methyldopa (a-MD) on
decarboxylase activity and on stores of monoamine^
in brain and other tissues has been frequently
reviewed (for recent reviews, see Sourkes, 19651
Pletscher, Gey and Burkard, 1966).
Bffflfi,* gft Off SMYfflB* in Vitro* a-MD inhibit^
L-aromatic amino acid DC of rabbit and guinea
pig kidney (Mackay and Shepherd, 1960j Werle,
196lf Ganrot, Rosengren and Hosengren, 196l|
Weissbach et al, 1961), but does not inhibit the
histidine DC of mast cells (Weissbach et al,
1961) (Table 5). a-MD inhibits decarboxylation
of 5-HTP both in vitro (£>ourkes, 195ki Westermanh
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Blazer and Knell, 1958) and vivo (Dengler and
Reichel, 1958)# though the inhibitory effect la
vivo is rather weak (Hess, Connamacher, Ozaki and
Udenfriend, 1961| Brodie, Huntsman, Hirech and
Costa, 1962) Drain, Horlington, Lazare and
Poulter, 1962), Jlbl vivo* a-MD also inhibits
decarboxylation of DORA (Murphy and Sourkes, 1959/
Bffect on, .flOflffeatraUon of roangamiafifi, in
brain. In rabbit brain, a-MD lowers the concentre
tion of noradrenaline, dopamine (Carlsson and Lin-f
dqyist, 1962) and 5-HT (Carlsson and Lindqyist,
1962| Roos and Werdinius, 1963), The concentrat«f
ion of noradrenaline remains low for many days
and long after any a-MD is detectable in brain
(Carlsson and Lindqyist, 1962) § though the eoncen-f
trations of 5*HT and dopamine recover rapidly
(Smith, 1960| Leroy, 1961)•
ftiefihanlaa o£ monoamine depletion* it has
been suggested (Brodie et al, 1962) that DC
inhibition per se does not cause depletion of
noradrenaline in brain» This view is supported bjf
the finding that hydroxyphenylalkylhydrazines
(NSD compounds) which are potent inhibitors of
DC activity, both Jul vitro and JLa vivp. do not
122
lower the concentration of noradrenaline in guinet.
pig brain (Levine and Sjoerdsma, 1964). Moreover,
when a MAO inhibitor was given at the time of
Initial depletion of noradrenaline by a-MD, the
concentration began to rise* indicating the
ability of brain to eyntheeiae the amine during
this period (Hess et ai, 1961)# It has been
assumed however that catecholamines in brain are
displaced by a-methyldopamine and a-methylnor-
adrenaline, since a-MD is decarboxylated ifl vitro
(Weissbach et al, 1961) Lovenberg et al, 1962)
and la vivo (Carlsson and Lindqyist, 1962), This
hypothesis is supported by the finding that a-
methylated amines are not attacked by MAO which
may explain why they compete effectively for the
stores (Carlsson and Lind^vist, 1962)# This
conclusion is further substantiated by the find¬
ing that N3D compounds prevent the action of
a-MD on noradrenaline, presumably by inhibiting
the decarboxylation of a-MD (Levine and S^oerdsma
1964).
The mechanism of 5-HT depletion is more
difficult to explain# It was suggested that
a-MD acts by inhibiting the synthesis of 5-HT
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in brain# since it caused simultaneous decrease
of jHHT and 5-H1AA (Roos and Werdlnius# 1963) i
Mln the case of displacement or release of 5-HT
an increase rather than decrease in 5-filAA should
occur* The fact that 5-H1AA appeared to decrease
more slowly than 5-HT might possibly Indicate
some displacement or release in addition to
inhibition of synthesis"* The inhibition of
hydroxylation of tryptophan may be another
contributory factor (Burkard# Gey and Pletscher#
1964).
fif£egt-.gn fisgggflgue,, arwa.Ug Amino
In rat braina-MD reduces the Aise of monoamines
seen after the administration of the corresponding
precursors# namely# 5-HTP (Kunz# 1964) and DOPA
(Sourkes and Murphy# 1960} Murphy and Sourkes#
1961)* Schayer and Sestokas (1965) found that
pre-tre&tment of guinea-pigs with a-MD reduced
the amount of labelled urinary histamine formed
from * *C-histidine.
It was desirable therefore to study the effect
of a-MD on the concentration of histamine in brain
and its interaction with the effect of histidine.
12U
6/i/i Materials and, rathofl
Single Infusion of L-W l.h-dihvriroxyphenvl^
-S-lBflthylalBnittC' 1? H»0 (a-raethyldopa) (a-MD)
(Aldomet) (Merck Sharp and. Dohme $ powdered for
research purposes). Preparation of a-MD solution
for i.v. infusion is described in 3, 2/3 and
shewn in Table 7* Rabbits received 200 mg/Kg/2hr
and were anaesthetized 30 min after the end of
infusion. For simultaneous infusion of a-MD
(200 mg/Kg) and histidlne (250 mg/Kg), both
amino acids were neutralized and dissolved in
water (osmolarity 320 mosmoles/1).
Repeated Infunions, of (U « 209 isgAg
over 16 hp). Each rabbit received k infusions
of a-MD suspension (20 mg/ml) over a period of
36 hr. A dose of a-MD (200 mg/Kg) was given every
12 hr and the animal anaesthetized 30 min after
the end of the last infusion. The amino acid
was infused at the rate of 20 mg/min.
In another set of experiments rabbits
received & infusion; of a-MD suspension (200 mg/Kg
O VCA « 3
every 12 hy4 the hth dose was infused simultan¬




Rabbits showed signs of sedation about 30 rain
after the second infusions slight constriction of
pupils and blepharospasm. Recovery was rapid. The
rectal temperature was unchanged.
affect on, histamine cpRgentraUon* a single
infusion of a-JSD produced no detectable change in
the concentration of histamine extractable from
blood, hypophysis or brain. After repeated infus¬
ions, the concentration rose in the midbrain only)
values for the central grey and tegmental region
fell outside the limits of the control (Table 23
and Fig. 9).
Single or repeated infusions of a-MD did not
seem to affect the formation of histamine from
histidine. The concentration of histamine in
brain was still as high as that obtained after the
infusion of histidine alone. (Table 2k)•
SECTION 6/2
I^DIHYDROXYFHENYLALAN INE
The i.v. injection of DL-DOPA (100 rag/Kg) in
rabbits raised the concentration of dopamine mainly
in the hypothalamus and caudate nucleus, and pro¬
duced central stimulation and increased motor
125a
TW 23
Effect of intravenous infusion of L-a-METHYLDOPA on the concentration
of histamine in hypophysis, brain and blood of rabbit.
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Effect of simultaneous Infusion of L-a—METHYLTttPA and L—HISTIDINE on the concentration
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(31) "SB 28?$ 170*12(12) 140*15(20) 150*12(12) 4060*530(11) 4000*530
*
3 doses given every 12 hrj the last dose infused simultaneously with histidine
' Prom Table 25 , page 127a
a Prom Table 18 # page 100a
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activity (Carlason, Lindqyiet# Magnuseon and Waldectyf
1958| Bertler and Rosengren, 1959)* Pharmacolog¬
ical effects appeared to be closely related to the
accumulation of dopamine (Bertler and Rosengren,
1959)* These authors also found that repeated
infections of DORA (600 mg/Kg total) during a 2 hr
period lowered the concentration of 5-HT in brain
to 50-60/4 of the control*
It was of interest to study the effect of DOPA
on the concentration of histamine in brain and on
the formation of histamine.
6/2/1 Materlali aad method
Preparation of L-0-(3#h-dihydroxyphenylalanine
L—DOPA) (Koch-Light Lab. Ltd., Batch No. 3178h)
solution for i.v. infusion has been described
(S. 2/3, Table 7). Rabbits received 60-100 mg/Kg/
2 hr and were observed for gross changes in behav¬
iour. For simultaneous infusion of L-DOPA (60 rag/
Kg) and histidine (250 mg/Kg), the two amino acids
were dissolved in the same vehicle (osmolarity
290 mosmoles/1),
6/2/2 Results
Four rabbits were used* one died at the heighjt
of hyperpyrexia.
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After about 1 hr when 30-50 mg/Kg had been
infused, a slight dilatation of the pupils was
noted. Gradually the animal became very sensitive
to touch and sound stimuli) the pupils became
widely dilated and the respiration very rapid.
Towards the end of infusion, increased motor
activity, salivation and constriction of ear
Vessels were observed. By this time rectal temper¬
ature had risen by 2-3°C. Thirty minutes after the
end of infusion the animal was still excited.
When L-DOPA was infused simultaneously with
histidine, pharmacological signs of central stim¬
ulation produced by L-DOPA alone were much less
pronounced and rectal temperature remained unchanged
This observation may be explained in several ways:
(a) histidine may have competed with DOPA for %'f,s
entry into the brain, (b) histidine may have com¬
peted with DOPA for the DC enzyme in brain and so
lowered the amount of catecholamines formed or (c)
histamine may have counteracted the pharmacological
effects of catecholamines. These speculations can
only be tested by further experiments.
Sffec.t, gn histamine concentration, only the
regions of the central grey and tegmentum showed
127a
- mi* 25
Effect of intravenous Infusion of L-POPA on the concentration of histamine in hypophysis, -brain and blood of rabbit. aiiaggtfrfittZfilfll
4- hr after the end of infusion.
Dose

























































Effect of simultaneous infusion of L-BOPA (60 mg/kg/2hr) and L-HI3TIDINE (250 mgAg/2hr)
on the concentration of histamine in hypophysis, brain and blood of rabbit. Animal
anaesthetised |hr after the end of infusion. (Ho. of rabbits)
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a slight rise (Table 25* Fig. 9). L-DOPA did not
interfere with the formation of histamine in brain
when infused together with histidinej the rise




The i.v. infection of 5-HTP (22-100 mg/Kg) in
rabbits raised the concentration of 5-HT in brain
(Udenfriend et al* 1957I Costa and Rinaldi, 1958*
Bertler and Rosengren* 1959* Costa et al* I960).
It has been shown that labelled 5-HTP readily enter^
the rabbit brain (Udenfriend et al, 1957* Sankar,
Phipps* Gold and Sankar, 1962). Since 5-HT is
rapidly catabollzed and does not enter the brain
in measurable quantities* it was concluded that
5-HT is normally synthesised in the brain (Udenfrier^d
et al* 1957).
It has been reported that 5-HT lowers the
concentration of histamine in rabbit blood ia vivo
(Burkhalter et al* I960) and in tissues of other
species (Peldberg and Smith* 1953). 5-HT is also
known to release noradrenaline from rabbit brain
129
(Brociie et al, 1966), It is therefore possible
that amines are able to release each other from
tissues.
It is also known that 5-HT inhibits methylation
of histamine XSk vitro (Brown et alt 19591 Oustafsoon
and Porshell, 1963) and jL& vlvp (Snyder and Axelrodj
196h)» It was conceivable therefore that accumulat¬
ion of 5-HT in brain could alter the concentration
of histamine by release from stores or by Inhibition
of its catabolism.
Monnier and Tissot (1958) and Monnier (I960)
observed slight sedation in the rabbit after the
i.v. injection of 10-20 mg/Kg 5-HTP. Signs of
sympathetic stimulation were seen after hQ-200 mg/
Kg (Udenfriend et al, 1957f Bogdanski, Pletscher,
BrodLie and Udenfriend, 1956f Bogdanski, Weissbaeh
and Udenfriend, 1958| Costa and Rinaldi, 1958f
Brodie et al, 1966). Large doses have a strong
pyretogenic effect in the rabbit, raising the rectal
.
temperature to i+3-4h°C (Hoi-ita and Gogerty, 1958).
6/3/1 ifotarlalft and met&gfl
Preparation of DL-5-hydroxytryptophan (5-HTP)
i
(Koch-Light Lab. Ltd., Batch No. 29397) solution for
i.v. infusion has been referred to (S, 2/3, Table 7)
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Rabbits received 63*75 mg/Kg/2 hr and were observed
for changes in behaviour. For simultaneous infusion
of 5-HT? and histidine, both amino acids were
dissolved in water (osmolarity 290 mosmoles/l),
6/3/2 Remit®
Seven rabbits were used* one died of hyper¬
pyrexia.
During the early part of infusion the animal
was guiet, The first sign of excitation (dilatat¬
ion of pupils) was observed after the infusion of
,-u a " ,
about kO mg/Kg or more. Gradually pupils became
more widely dilated and rabbit became restless and
easily excitable* other pharmacological signs
included increased respir%tory rate, tremors,
twitching and uncoordinated movements of the limbs.
Two rabbits had fits and when the infusion was
Stopped they recovered rapidly. Rectal temperature
taken after the end of infusion rose by 1,5*"h°C,
fifiC.es s, on Jdig gonggntmign of, histamine* r^e
concentration rose significantly only in the central
grey matter and tegmental region (Table 27, Fig, 9),
Infusion of 5-HTP (75 mg/Kg) together with histidine
(250 mg/Kg) did not interfere with the formation
of histamine in brain (Table 28),
130a
Tattle .37
Effect of DL-5-HTP infusions on the concentration of histamine in hypophysis.

























































































Significantly different from mean of control P <0.001
* Significantly different from mean of control P<0.01
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mi9 28
Effect of simultaneous infusion of DL-5-KTP (75 mg/kg/2 hiO and L-hi«tiaine (PBn mg/W;>
on the concentration of histamine in hynonhyals. brain and blood of rabbit- Animal
thcUaeq £ hr after tha end of infusion. (No. nf rabbits).
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Tryptamine is found in brain in low concentrations
(Hess and Doepfner, 1961)* Hess* Redfield and
Udenfriend (1959) reported that in rabbits pre¬
treated with iproniazid, L-tryptophan produced
central effects and a marked increase in the concen¬
tration of tryptamine in brain*
Tryptophan is decarboxylated to tryptamine
both Jji vitro (Lovehberg et al, 1962) and vivo
(Hess et al, 1959)* Another route of tryptophan
metabolism is its hydroxylation to 5-HTP (see Hagen
and Cohen, 1966)* Labelled 5-HT has been found
in animal tissues after the administration of
radioactive tryptophan (Udenl'riend and Weissbach,
1958)*
Tryptamine is known to lower the concentration
of histamine in tissues of dog, cat and rat (Peld-
berg and Smith, 1953)* The object was therefore to
test the effect of tryptophan on the concentration
of histamine in brain*
6AA Matsrlala, and, mfcfaaa
Solution for i.v* infusion was prepared as
described in S. 2/3 (Table 7)»
131a
TflD3.fi 29
Effect of intravenous infusion of Ir-Tryptaphan (200 mg/Kg/2 hr, ) on the concentration
of histamine in hypophysis, Drain and blood. Rabbits anaesthetized £ hr, after the
infusion, •
















Rabbit 1 630 770 360 230 230 130 3300 3300
Rabbit 2 520 610 300 200 lbO 1UO 3300 2300
'v " r ••• '
Control
mean ± S,E, 650 ± 36 660 ± 27 280 ± 15 170 £ 12 IdO ± 15 150 ± 12 hO60 ± 530 k000 ± 530
(No* ) (31) (25) (22) (12) (20) (12) (id (u)
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6/U/2 i;gsuUs
The infusion of L-tryptophan (200 mg/Kg) did
not produce any gross pharmacological changes in
behaviour, nor did it alter the concentration O'f
histamine extractable from blood, hypophysis or
brain (Table 29, Fig, 9)#
SECTION 6/5
GENERAL DISCUSSION
The amino acids, a-MD, DOPA, 5-HTP and
tryptophan did not alter the concentration of
histamine in the hypophysis, 5-HTP lowered the
concentration in blood, which confirms the obser¬
vation by Burkhalter et al (I960), In the central
grey and tegmental regions, the concentration in¬
creased by about 50-?0^ after treatment with a-MD,
DOPA or 5-HTP (Fig. 9)» Simultaneous infusions
of a-MD, DOPA or 5-HTP with histidine did not
Interfere with the formation of histamine in brain,
(Tables 2h, 26 o/iw £o),
a—Methvldooa^ The rise of histamine in mid¬
brain (Table 23) is in sharp contrast to the fall
in the concentration of monoamines caused by a-MD
(S, 6/1), The same doses of a-MD used in the
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tfig* 9m Effect of i.v. infusions of various amino
acids on the concentration of histamine
in blood, anterior lobe of hypophysis and
different regions of the brain, expressed
as g percentage of the control. Rabbits
were anaesthetized k hr after the end
of infusion and then sacrificed. Doses of
amino acids:
a-Methyldopa: 200 mg/Kg/2 hr (singe experi¬
ment) or k infusions of 200 ing/Kg/30 rain,
at 12 hourly intervals (2 experiments).
DOPA: 60 and 100 rag/Kg/2 hr
5-HTP: 63-75 mg/Kg/2 hr
Tryptophan: 200 mg/Kg/2 hr.
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of noradrenaline from the rabbit brain (Carlsson
and Lindyyist, 1962)* The present results suggest
that products of decarboxylation of a-MD do not
displace histamine from its storage sites, which
might indicate that the binding mechanism or the
storage sitesof histamine are different from those
of monoamines#
The finding that a-MD did not interfere with
the formation of histamine from exogenous histidine
might suggest that a-MD did not inhibit the DC for
histidine. By comparison, pre-treatment with a-MD
reduces the formation of monoamines from their
respective precursors (S, 6/1)#
The rise of histamine in midbrain could be
explained in terms of inhibition of histamine
catabolism by metabolic products of a-MD or the
released monoamines. The 'free* 5-HT released by
a-MD might have inhibited the methylstion of histamine
(S, 6/3)• Until more is known about the ehanacter-
istics of histidine DC in the rabbit brain, one
can only speculate about the present results,
DQPA and «WHTP. The rise of histamine in the
midbrain seen after the infusion of these amino acidlt
13k
could be due to Inhibition of histamine catabolism
by the monoamines formed or their catabolites*
When either of these amino acids was infused
with histidine, it did not modify the formation of
histamine in brain. It is difficult to explain
this finding since it is not known to what extent,
if any, histidine interfered with the entry of
DOPA or 5-HTP into the brain. If we can assume
that the entry of DOPA or 5-HTP was not retarded,
then it seems probable that they did not Inhibit
the decarboxylation of hietidine by competing for
the DC enzyme. It has been reported however that
histidine, in comparison with DOPA and 5-HTP, is
a very poor substrate for aromatic L-amino acid
DC (S. 6). The present results raise the question
whether or not histidine is decarboxylated by the
so-called 'non-specific enzyme* in brain or by a
separate enzyme specific for histidine# Because
we were not able to estimate histidine and mono¬
amines in the brain after the above treatments, we




EFFECT OF DRUGS ON THE CONCENTRATION OF HISTAMINE
IN RABBIT BLOOD, HYPOPHYSIS AND BRAIN
The aim was to test the effect of certain
psychotropic drugs on the concentration of histamine
in blood* hypophysis and various parts of the brain).
The drugs chosen are known to affect the concentra
ion of biogenic amines in brain. These studies




A large number of phenothiazine derivatives
show varying degrees of tramiuilizing, antiemetic
and antihistamine properties (see Parkes, 1961),
Chlorpromazine (CPZ), however, has little anti-
histaminic activity and is better known for its
central actions (Courvoisier, Fournel, Ducrot,
Kolsky and Koetschet* 1953)#
fiSTefift on bfitafrqliaa q£ fiionaaminss. cpz has
no apparent effect on the concentration of mono¬
amines in rabbit brain (Brodie, Shore and Pletscher^
1956j Costa and Rinaldi, 19581 Anden* Roos and
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Werdinius* 1961+)* but Increases 5-HT content of
brain in mice and rats (Bartlet* 1960} Costa*
Garattini and Valzelli* I960)* CPZ is also report¬
ed to influence the changes in the concentration
of monoamines induced by other drugs (Costa and
Rinaldi* 1936} Gey and Pletscher* 1961} Sanfcar
et al, 1962)* Furthermore* it increases the concenj-
tration of dopamine catabolites (dihydroxyphenyl—
acetic acid and homovanillic acid) in rabbit brain*
but does not affect the 5-H1AA content (Anden et
al* 1961+)*
meet..an..,Metabolism slL histamine* cpz inhib¬
its IRMT jji vitro (Brown et al* 19391 Gustafsson
and Forshell* 1963)* In. large doses of cpz
reduced the formation of labelled MH in cat's brain
when 14C-histamine was perfused through the cere¬
bral ventricles (White, 1961a), cpz has been
reported to increase the concentration of histamine
in brain of cat (Adam and Hye* 1966} White* 1966)
and rat (Ungar and Witten 1963} Green and JSrickson
1961+} Adam* unpublished results).
Metabolism Qf figgf Has been reviewed by
Snmerson and Miya (1963)* CPZ was detected in rat
brain long after the injection of the drug (Weschsljs:
137
and Forrest* 1939) and was concentrated in the
hypothalamus (Wase* Christensen and Polley, 1956),
It is therefore possible that large doses of CPZ
•p
%
would raise the concentration of the drug in the
rabbit brain sufficiently to inhibit methylation
of histamine thus leading to its accumulation* It
was also desirable to test whether pre-treatment
with CPZ would influence the formation of histamine
from exogenous histidlne.
7/1/1 fitetfiKlalB gad method
10-(3-dimethylaminopropyl)-2-Chlorphenothiazin^-
HC1 (Chlorproraazine HCl) (CPZ) (Largactil) (May
and Baker Ltd.) was dissolved in sterile physiolog¬
ical saline to make 5 mg base/ml. The drug was
freshly prepared for injection. In the first set
of experiments each rabbit received 3 x 10 mg/Kg
over 2k hr.* the last dose was given 2 hr before
sacrificing the animal. CPZ solution was injected
slowly into the marginal ear vein. In the second
set* rabbits were given the same doses of CPZj
the last dose* injected at 22 hr* was immediately
followed by the infusion of histidine (250 mg/Kg/




Signs of sedation were observed, soon after the
first dose of CPZt constriction of the pupils,
blepharospasm, relaxation of the nictitating mem¬
branes and general flaccldlty of the muscles*
About 1 hr after the injection, respiration became
slow and deep and the animals lay prostrate in the
cagei rectal temperature dropped by 2-3uC, At the
time of killing the rabbits were deeply sedated but
could be easily roused* The dose of CPZ employed
was close to the LDfee (13 rag/Kg i*v*, 'Handbook of
Toxicology*, 1959)* When the animals were anaesth¬
etised with pentobarbitone, they required less
anaesthetic and less time in comparison with un¬
treated rabbits*
Sedation and hypothermia were not changed when
rabbits were Infused with hiatidine.
Sffisct ob the gonccntratlga off hlatamino* The
mean concentration rose in the hypothalamus and
central grey, but not in the pons-medulla or
hypophysis (Table 30, Pig* 10)* In the hypothalami^
the concentration Increased significantly (P<0*05)
to 130% of the control! in the midbrain to 170%
(P< 0,001)* CPZ did not influence the formation of
138a
W8 30
Effect of intravenous injections of Chlorpromazine (3 x 10 mg/lcg over 21+ hr)
on the concentration of histamine in hypophysis, hrain and blood of rabbit.
(No. of rabbits).
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* Significantly different from Mean of Control P < 0.05
■f-
Significantly different from Mean of Control P < 0.001
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TABLE 31
Effect of histidine on the concentration of
histamine in hypophysis and brain of rabbits
ore-treated with chlororomazine:
Chlorpromazine (3 x 10 mg/kg i.v. over 22 hr) + Histidine
(250 mg/kg/2 hr) infused soon after the last injection of
chlorpromazine. Rabbits sacrificed about £ hr. after
the infusion. (No. of animals)






























1030 1220 660 300
Chlorpromazine
alone !





































1 Prom Table 30
2 Prom Table 18
139
histamine from histidine (Table 31)*
7/1/3 glsfflagalon
CPZ increased the concentration of histamine
in the midbrain and hypothalamus and may have acted
by interfering with its catabolism, Since CPZ
inhibits methylation of histamine vitro (Brown
et alt 1959I Gustafsson and Forshell, 1963) and
in vivo (White, 1961| Snyder and Axelrod, 1964) »
"it may have acted in this way to increase the
brain histamine" (Adam and Hye, 1966)* The present
results in the rabbit agree with those reported for
the cat (Adam and Hye, 1966) White, 1966) and rat
(Ungar and Witten, 1963} Green and Erickson, 1964}
Adam, unpublished results). By contrast, treatment
with CPZ has no apparent effect on the concentration
of monoamines in rabbit brain (S, 7/1 )•
Apart from inhibiting methylation, CPZ may
have acted on the storage mechanism of histamine,
as has been suggested for other amines (see Pletsch^r,
1963)* Moreover, CPZ is known to inhibit several
enzyme systems (Abood, 1955} Magee, Berry and Ross-
iter, 1956} Century and Horwitt, 1956} Brown et
al, 1959} Decsi, 1961), Hence "the effect of the
phenothiazines in raising the brain histamine is not
140
necessarily related to the central actions of the
drugs, since the large doses employed could have
acted in other ways", (Adam and Hye, 1966)*
The hypophysis also methylates histamine
(Axelrod et al, 1961), but the concentration in the
anterior lobe did not rise after treatment with
CPZ (Table 30)* Since this region is devoid of
a 'blood-brain barrier* (Davson, 1956), histamine
may have diffused into the blood. Alternatively,
the turnover rate for histamine in the hypophysis
may be Slower than that in the brain.
The finding that CPZ did not influence the
formation of histamine from exogenous histidine
may indicate that the newly-formed amine was mainly
'bound'• If it were 'free' and accessible to the
methylatlng enzyme, then CPZ would have acted to
protect it from methylation, thus leading to an
increase in the concentration of histamine greater
than that observed after histidine alone. In con¬
trast, when rabbits were pretreated with CPZ, the
administration of 5-HTP eauBed increases of 5-HT
concentration in various areas of the brain which
were greater in magnitude than those found in





Efffigi Oft metabolism of histamine* mh is
oxidatively deaminated by MAO to MelmAA (S, 1/7»
Pig* 5)* This route can also be influenced by
certain psychotropic drugs.
The subcutaneous infections of iproniazld (IFN)
in the cat completely inhibited the oxidation of MH
in the brain after perfusion of 1 *C-hi stamine
through the cerebral ventricles (White, I960).
Repeated infections of IFN in the cat raised the
concentration of histamine in brain but not in the
hypophysis (Adam and Hye, 1966). These results
differ from those reported by White (1966) who
found that IFN raised the concentration of MH in
brain but not of histamine.
Effect on fflonoflffllftgs* IPN is known to inhibit
MAO enzyme of rabbit brain both in vitro and in
vivo. After & single dose of 100 rag/Kg, the MAO
activity wsb completely inhibited within ■& hr and
remained so for k days (Spector, Shore and Brodle,
I960j Spector, 1963)« The same dose raised the
concentration of 5-HT in the rabbit brainj the
concentration of noradrenaline rose more slowly and
1U2
to a lesser extent (Bogdanskl et al, 19561 Spector
et al9 I960). Daily subcutaneous injections of
IEN (25 mg/Kg) increased the concentration of 5-HT
in rabbit brain which wsb 2-3 times normal in 2
days| maximal concentration of noradrenaline was
reached after k days. The rise of noradrenaline
was accompanied by sympathomimetic signs (Brodie
et al, 1959). Repeated injections of IPN raised
the concentration of 5-HT and noradrenaline in
hippocampus, midbrain and hindbrain of the rabbit
(Hirawieh, Costa, Pscheidt and Van Meter, 19591
Costa et al, I960).
MetateaUffla Of. Ifli» When 5 rng/Kg labelled IFN
was given by intraperitoneal injection to rabbits
(Koechlln and Iliev, 1959)# 60^ of radioactivity
was found in the expired CO2| half-life of radio¬
activity was 6 hr.
The object was to test whether treatment with
IFN would altef the concentration of histamine in
brain or whether it would influence the formation
of histamine from exogenous histidlne.
7/2/1 Mfi&erlala and metoga
I-isonicotinyl-2-1sopropylhydrazine-phosphate
(Iproniazid) (IFN) (Marsilid) (Roche Products Ltd.)
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was dissolved in water to make 30 mg base/ml.
£leven rabbits were uaed« Rabbits 6 and 7
(Table 32) received a single i.v. Injection of IH*
(100 mg/Kg) and were killed at 22 hr. Rabbits
1-5 received a total of 125 or 250 mg/Kg as a daily
subcutaneous injection of 25 or 50 mg/Kg on 5
successive days| they were sacrificed 2 hr after
the last injection*
Two more rabbits (Table 33) received 5 daily
injections of 25 mg/Kg/dayj immediately after the
last dose they were infused with histldine (250
mg/Kg/2 hr) and killed 30 min after infusion*
7/2/2 Results
After repeated injections of IPN rabbits
became weak and on the 5th day they were excitable
and had lost some weight! mucous membranes were
slightly cyanosedi there was no change in rectal
temperature* One rabbit died on the 5th day after
receiving a total dose of 200 mg/Kgj ld80 for IPN
in rabbit is 117 mg/Kg i»v* (Handbook of Toxicology,
1959)* On bleeding, the colour of blood was found
to be deep red to dark*
Histidine infusion on the 5th day did not
change the condition of the animals*
11*
Street on histamine concentration. After
repeated infections of IEN (Table 32# Pig. 10)#
the concentration rose only in the central grey
matteri the kO% Increase was significant (P<0.01)
IPN did not interfere with the formation of
histamine from hiBtidine (Table 33).
7/2/3 Dlacpaaion
Treatment with 1EN increased the concentration
of histamine in the midbrain but not in the hypo¬
thalamus, hlndbrain or hypophysis.
IEN does not inhibit methylation of histamine
(Schayer and Karfala# 1956! Lindahl# 1960)# but
does Inhibit the oxidation of MH (White# I960)
which could lead to the accumulation of this cata-
bollte in brain. Treatment with IPN also increases
the concentration of 5-HT in the rabbit brain (S.
7/2). Since it is known that both MH (Brown et al,
1959! Lindahl, I960) and 5-HT (Brown et al# 1959!
Snyder and Axelrod# 196h) inhibit methylation of
histamine# it can be argued tentatively that under
the conditions of the present experiments, IPN acte)d
indirectly through the accumulation of MH and 5-HT
to raise the brain histamine (Adam and Hye# 1966).
144a
Effect of lproniazld on the concentration of histamine in hypophysis, brain

























































































Effect of hiRtldlne on the concentration of histamine In hynoohysis
and brain of rabbits ore-treated with jproniazld
Iproniszid (5 x 25 mg/Kg, subSUtaneouely, over 5 days) + Histidine
(250 mg/Kg/2 hrs.) infused soon after the last injection of iproniazid,
Rabbits anaesthetized £ hr. after the infusion. (No. of animals)








abbit 1 1280 1390
. - \
680 350
ebblt 2 « 5h0 1310 630 150
ebbit 3 980 13h0 U50- 190
ebbits 1-3
Mean 930 1350 590 230
■>roniazid alone1
5 x 25-50 mg/Kg,
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10. Effect of drugs on the concentration of
histamine in the anterior lobe of the
hypophysis and different regions of the
brain expressed as a percentage of the
control. CPZ (Chlorproraazine, 3 x 10
mgAg i.v. over 22+ hr)» IPN (iproniazid,
single i.v. injection of 100 mg/Kg over
2k hr or daily subcutaneous injection
of 25 or 50 mg/Kg for 5 days).
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IEN may, however, have acted in other waye (Plet-
scher, Gey and Burkard, 1966)*
The finding that IPS? did not raise the concen¬
tration of histamine in the hypothalamus, hindbrain
or hypophysis may indicate that the turnover in
these parts is slower than that in the midbrain*
The Increase of monoamine concentration in
rabbit brain due to injection of precursors, e*g*
5-HTP (Udenfriend et al, 1957) and tryptophan (Hess
et al, 1959) is further enhanced by pre-treatment
with IB?* In contrast, the present experiments
(Table 33) showed that pre-treatment with IFN did
not enhance the rise of histamine in brain produced
by the infusion of histidine* Again, this finding




The action of reserpine on stores of monoamines
in brain and other tissues has been frequently
reviewed (Shore, 1962* Pletscher, 19631 Cerlsson,
1966)*
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Effect on monoamines. A single large dose
of reserpine (5 ag/Kg i.v») produces a rapid and
marked reduction in the concentration of 5-HT in
rabbit brain (Brodie, Pletecher and Shore, 1956#
Hess, Shore and Brodie, 1936# Shore, Pletscher,
Tomlch, Carlsson, Kuntzman and Brodie, 1937#
Pletscher, Shore and Brodie, 1956# Shore and Brodie
1957# Roob and Werdinius, 1962). A comparison
of the dose-response relations and the time of
recovery of noradrenaline and 5-HT in rabbit brain
showed that the effects of reserpine on the two
amines were very similar and that the curves were
superimposable (Shore and Brodie, 1957)* These
authors suggested that 5-HT and noradrenaline are
bound by a similar mechanism which is inactivated
by reserpine, although the possibility was not
ruled out that one amine could in turn effect the
release of the other. Reserpine also decreases
the concentration of dopamine in the corpus stria tun
of the rabbit brain (Anden, Roos and Werdinius, 396l<).
Smaller doses of reserpine (0.1-0.5 mg/Kg)
also produce a measurable effect on the concentrat¬
ion of monoamines in rabbit brain (Brodie et al,
1956# Shore and Brodie, 1957# Bertler, 1961).
1U7
Besides the depletion of monoamines, reserpine
raises the concentration of 5-H1AA (Hoos and
Werdinius, 1962), dihydroxyphenylaeetic acid and
homovanillic acid (Anden et alt 1963) in rabbit
brain.
MfrMoligm, Qt ffigfifPine and, affect on tighPYiculr
After the irv. injection of labelled reserpine
(5 rag/^g) in rabbit, the drug readily entered the
bralni the concentration was maximal within 15 min|>
and undetectable after k hr (Hess, Shore and Brodie
1956)* According to these authors the central
action of reserpine, which lasted for about U8 hr,
was related to the fall in the concentration of
5-HT in brain. Recently, however, it has been
suggested that the intensity of the action is more
closely related to the rate at which the amine is
released (Brodie et al, 1966). This assumption was
based on the following evidences When 5-HTP was
given to rabbits, the concentration of 5-HT rose
significantly in the brain stem. In contrast,
when 5-HTP was given 6 and 16 hr after treatment
with reserpine, the effect was much smaller1 at
36 hr, however, the brain was able to accumulate
a much larger quantity of 5-HT. It was also found
IkB
that reserpine did not inhibit the formation of
5-HT JUi vivo- It was therefore concluded that
recovery from sedation was closely related to the
recovery of the uptake and storage of the amine.
Effect on histamine. Little is known about
the action of reserpine on brain histamine.
Various authors failed to demonstrate that reser¬
pine had any significant effect on the concentration
of histamine in brain of rat (Ungar and Witten,
1963)» guinea pig (Waalkes et al, 1959)» or rabbit
(Waalkes et al, 19591 Burkhalter et al, I960)}
these authors used chemical methods of assay.
Adam and Hye (1966), however, employed biological
methods and showed that reserpine reduced the
concentration of histamine in cat's hypothalamus
and thalamus, but not in hypophysis,
Reserpine releases histamine from rabbit blood,
la vitro and in vivo (Waalkes and Welssbach, 1956}
Waalkes et al, 1959} Burkhalter et al, i960) and
is reported to deplete histamine from other tissues
of the rat, without causing degranulation of the
mast cells (Parrat and West, 1957)»
It was desirable in the first instance to
study the depletion and recovery of histamine in
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blood, hypophysis and brain after treatment with
reserpine, The investigations were further extend¬
ed to study the effect of reserpine on the storage
of histamine,
7/3/1 Materiala wad method
Reserpine base ('Serpasil', Ciba, pure sub¬
stance) was dissolved in 20% ascorbic acid solutiozi
to give a concentration of 10 mg/ml. The solution
was freshly prepared at the time of infection, A
dose of 5 rag/Kg was injected into the marginal velii
of the ear in all the experiments. Blood samples
for haematocrit and histamine estimation were
taken before treatment and just before bleeding the
animal. The volume of blood collected from rabbits
treated with reserpine was less than that from
controls (mean 75 ml, range 40-100 (41) )•
The experiments are described below:
(a) ftepietjgn aa& recoyery of histamine* Rabbits
were injected with reserpine (5 mg/Kg i,v.) and
sacrificed at various time intervals* Twenty-six
rabbits were used,
0>) fiffect Qt hlBtidlne after, pre-treatment JdJfe
reaernlne. The object was to test the recovery of
storage capacity of hypophysis, hypothalamus and
platelets.
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(1) Kaboits received reserpine (5 mg/^g)i 21.5
hr later they were infused with histidine (500 mg/
Kg/2hr i.v.) and sacrificed about 30 min. after the
end of infusion. Five rabbits were used.
(2) Raboits received reserpine (5 ag/Kg)| *+5.5
hr later they were infused with histidine (500 rag/
Kg/2hr) and sacrificed about 30 min after the end
of infusion. Three rabbits were used*
(c) Effect of rsflggplne after, arc.-tfga tenant with
histidine> The aim was to test the effect of
reserpine on newly-formed histamine. Babbits were
infused with histidine (500 mg/Kg/2 hr i.v.)| 30
min after the end of infusion they were injected
with reserpine (5 mgAfi i*v.)f animals were killed
about 16 hr after the injection of reserpine. Five
rabbits were used.
(d) affect of hi b tarnto s£teir, pre-treatment with
reaernlne. The aim was to test for the uptake of
histamine by the hypophysis, hypothalamus and blood
in rabbits pre-treated with reserpine. Babbits
were injected with reserpine (5 mgAs )* 21,3
hr later they were Infused with histamine (2 mg/Kg/
90 min i.v.) and sacrificed about 1 hr after the
end of infusion. Two rabbits were used.
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7/3/2 fissuua
Effect on behaviour. Rabbits treated with
reserpine were kept at a temperature of about 21°C
Within 15-30 min after the injection# the rabbits
were sedated) the respiration was rapid and labourf*
ed| the pupils were constricted) the nictitating
membranes were relaxed and the eyes tightly closed*
The animals assumed a sleeping posture and avoided
light* Responses to sound and painful stimuli
were diminished and in some instances the righting
reflex was lost* About 2+-5 hr after injection# the
rectal temperature had fallen by 1-3°C and remained
so for 16-22+ hr* At about 2+8 hr most signs of
sedation had disappeared* Nine rabbits out of a
total of 50 died within the first 2+8 hr of treat¬
ment*
Infusion of histidine before or after the
injection of reserpine had no apparent effect on
behaviour*
One experiment was performed to test whether
pre-treatment with iproniazid would counteract
the effect of reserpine on histamine in brain. It
was found that when reserpine (5 mg/Kg l*v*) was
injected 6 hr after treatment with iproniazid
151a
Table 51+
gflest pff, single., intraYgflPwa in.iggtigft of rewrpine (5 ;ag/Kg) sr. the conpentretton
Sir fcUAmlne lft-,h.y»0Pft.V3i?i fryfljfl aflfl hlOQdt Rabbits sacrificed 2k hours after
.treatment*



















































































Significantly different from mean of control P <0.001
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(100 mg/Kg i.v.)» rabbits showed signs of severe
excitation similar to those seen during the infusicn
of I*-D0PA (S« 6/2)# The two rabbits died of hyper-'
thermia k hr after injection of reserpine# Smallex
doses of reserpine were not tried* since it was
not known whether they would deplete the brain
histamine#
SlTecA, ob iri atrfiialn.fi concentration- The effect
of reserpine at 2k hr is shown in Table 3h# Res*
erpine reduced the concentration of histamine in
hypophysis* brain and blood# In the anterior lobe*
hypothalamus and blood the concentration fell sig¬
nificantly (P< 0# 001)} in the hypophysis and
hypothalamus it fell to about k0% of the control|
in blood to 20%* The concentration in the thalamuc*
central grey and pons-medulla was also reduced#
The concentration in the cerebellum* though normally
very low (Table 12)* remained unchanged#
The effect of reserpine at 16 hr is Shown in
Table 35# The concentration fell significantly
(P < 0# 001) to about UO% of the control in the
anterior lobe and hypothalamus and to 25% in blood#
152a
Taftle 35
ffect of single intravenous in.lectlon of reseralne
5 mg/Kg) on the concentration of histamine In hynou
hysis. hypothalamus and blood. (Rabbits sacrificed
16 hours after treatment











Rabbit 1 330 330 3800 1100
Rabbit 2 340 310 3500 1000
Rabbit 3 160 250 4900 820
Rabbit 4 200 260 3300 820
Rabbit 5 250 300 2200 540
Rabbit 1-5











Significantly different from mean of control P <0.001
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(a) Depifttipn flftft resgygry pf hlBtflmlnfi,, after
treatment with reserine /S mc/Kg i.v.>. Results
are given in Table 36 and are shown graphically
in Fig* 11*
in the anterior 3Laka. g£ the,.,hypophysis the
reduction in the concentration of histamine was
maximal at 16 hr (40% of the control) and the low
concentration was maintained for 72 hr* At 96 hr
t
the concentration had begun to rise*
The concentration in hypothalami at 2-8 hr
was 45-70% of the control# Maximal depletion
occurred at 16-24 hr (40% of the control). At
48 hr the concentration began to recover and was
about 60% of the control*
In blood the concentration was 70% of the
control at 2 hr, 50% at 4 and 8 hr and 25% at 16 hr,
Maximal reduction (20% of the control) was observed
at 24 and 48 hr* At 72 hr the concentration rose
to 45% of the control.
Recovery in all 3 areas was complete at one
week*
(*>) BSCegt of,.frlsttOlas.,af,tsE,..prsrtrea taient
witfh reserpine.
(1) Table 37 and Fig* 12 dio* the effect of
153a
MlS,
Depletion and recovery of histamine In the hypophysis, hypothalamus and blood after
Single. iTVtraysftQUS injection Of resenaiW (5 m/lte)* Estimates of concentration
expressed as nc/g of fresh tissue or ng/ml of whole blood.
Controls Time interval in hours
Mean ± S.E. 2 1+ 8 16 21+ 1+8 72 96 168
Anterior lobe of 650 ± 36 850 390 800 330 200 200 21+0 630 590
hypophysis (31) 850 650 510 3U0 21+0 300 21+0 390 650





Hypothalamus 660 + 27 310 510 360 330 150 1+00 1+80 310 760






Whole Blood 3800 1+300 1+300 3800 3800 3300 2700 2100 5300





".'/hole Blood 2800 21+00 2200 1100 820 380 11+00 2600 1+500







E3 ANTERIOR LOBE OF HYPOPHYSIS
0 HYPOTHALAMUS
TIME INTERVAL 2
NO OF RABBITS 2
96 168 HRS.
2 2
Fig. 11, Depletion and recovery of histamine in
rabbit's whole blood, anterior lobe of
hypophysis and hypothalamus, after a
single i.v. infection of reserpine (5 nig/
Kg). The horizontal line at 100 per cent
represents the mean control value for
the concentration of histamine. The
columns represent the mean concentrations
of histamine expressed as a percentage of
the control in the 3 regions at different
time intervals after the injection of
reserpine.
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i«v« infusion of hiatidine on the concentration of
histamine in hypophysis, hypothalamus and blood in
rabbits pre-treated with reserpine 21#5 hr earlier.
In the anterior lobe, the mean concentration
rose from UO to 110% of the controJ/j in the hypo¬
thalamus from UO to 80%. In blood, however, the
concentration remained unchanged (15% of the control)}
the infusion of hiatidine did not appear to restore
the amine depleted by reserpine.
(2) Table 38 and Fig. 12 diow the effect of
i.v. infusion of histidine in rabbits pre-treated
with reserpine U5-5 hr earlier.
In the anterior lataa. the concentration rose
from UO to 110% Of the control} In the hypothalamus,
from 55 to 155%} in blood, the concentration remain¬
ed unchanged (15% of the control).
(c) rescrplag af&ae. ars-trflataent
V/UU hl.BUfline* Table 39 and tig. 13 show the
effect of reserpine injected 30 min after the end
of histidine infusion} rabbits were hilled 16 hr
after the injection of reserpine.
The concentration of histamine fell in hypoph¬
ysis, hypothalamus and blood to the same extent as
with reserpine alone. It seems, therefore, that
154a
Table 37
Effect of histidine on the concentration of histamine in hypophysis.
hypothalamus and blood of rabbits pre-treated with reserpine.
(No. of animals)









































Reserpine (5 mgAg i.v.)
+
Ristidine (500 mgAg/2 hr)
Infused i.v. 21.5 hr after
ihe injection of reserpine.
Rabbits sacrificed about




























lean + S.E. 730* + 190 550* + 50 4600 + 600 800a+200
'From Table 34 * p» «-
"From Table 18 , p, no &
Significantly different from reserpine-treated P<0.02; but not
different from histidine-treated or untreated control
Significantly different from reserpine-treated P < 0.001
'Significantly different from pre-injection control P < 0.001
152+b
y^T?ig
Effect of histidine on the concentration of histamine In hypophysis,
hypothalamus and blood of rabbits pre-treated with reaernlne. (No.
gf anlfflale)


























(500 mg/Kg/2 hr) at £ hr
Mean ± S.E.
Co MH- 12+80 ± 130(5) 3300±2+00(10) 2900±t+60(10)
Reserpine (5 mg/Kg i.v.)
Histidine (500 mg/Kg/2 hr)
infused i.v. h5»5 hr after the
injection of reserpine;



































Fig, 12, Effect of histidine in rabbits pretreated
with reserpine. The horizontal line at 100 per cent
represents the mean control value for the concen¬
tration of histamine in whole blood, anterior lobe
of hypophysis and hypothalamus. The columns rep¬
resent the mean concentration of histamine in the
3 regions expressed as a percentage of the control
after treatment, effect of :
A: reserpine (5 ag/Kg i.v.) at 2k hr after the
injection.
Bj histidine (300 mg/Kg/2 hr) at 30 min after the
end of infusion.
C: reserpine (5 mg/Kg i.v.) followed 21.3 hr later
by an infusion of histidine (300 mg/K.g/2 hr) j
rabbits were anaesthetized at 30 min after the end
of infusion.
Dj reserpine (3 mg/hg I.v.) at k& hr after the
injection.
E; reserpine (5 nig/Kg i.v.) followed 45«3 hr later
by an infusion of histidine (500 mg/K</2 hr)j
rabbits were anaesthetized 30 min after the end of
infusion.
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all the newly-formed histamine was depleted toy
reserpine*
(d) affect pf histamine after ppfi-.trsatmeftt
witft. resernina- Table 40 shows that in rabbits
pre-treated with reserpine, the anterior lotoe
takes up exogenous histamine! neither the hypo¬
thalamus nor blood took up histamine in significant
amounts*
7/3/3 aUcuBBiflB
Depletion- Evidence has already been presented
for the Independence of the concentration of hist¬
amine in blood and that in the hypophysis and brain
(S, 4/3» 5/5)* In the present experimentst it
might appear that the fall in the concentration
of histamine in brain and hypophysis was related
to the fall in blood* The following observations
suggest that although the two events are concurrent
they are not causally related!
(1) Whereas the concentration in hypothalamus
and hypophysis was reduced by reserplne to 40% of
the control, that of the blood was reduced to 20%,
(Table 34).
(2) At the time when histamine in blood was
r\ot JtAC*tfjL vJitk **3
reduced to about 20% of the controy, the eoncen-
155a
Table 39
Effect of reserpine on the concentration of histamine in
hypophysis, hypothalamus and blood of rabbits pre-treated
with histtdine. (No. of animals)

















































stidine (500 mg/Kg/2 hr.)
+
serpine (5 mg/Kg i.v.)
ejected 50 min, after the
■fusion* rabbits sacri-
































360 ± 40 5800 ± 1300
w
1400 ± 40<
' Prom Table 18 p. 100a t
2 From Table 20 p. 104a
3 Prom Table 35 p. 152a
* Significantly different
gre-treated control
Significantly different from untreated
controls P <0.001} but not different
from values obtained after reserpine
alone (5 mg/Kg i.v., at 16 hrs.)~
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HWHOLE BLOOD
[H ANTERIOR LOBE OF HYPOPHYSIS
^HYPOTHALAMUS
NO. OF VALUES 10,11,5
Fig, 13, iiffeet of reserpine in rabbits pre-treated
with histidine. The horizontal line at 100 per
cent represents the mean control value for the
concentration of histamine in whole blood, anterior
lobe of hypophysis and hypothalamus. The columns
represent the mean concentration in the 3 regions
expressed as a percentage of the control after
treatment.effect of:
A: histidine (500 ag/lig/2 hr) at 30 rain after the
end of Infusion.
B: histidine (500 mg/Kg/2 hr) at 16 hr after the
end of infusion.
C: reserpine (5 rag/Kg i.v. ) at 16 hi* after the
injection,
D: histidine (500 mg/Kg/2 hr) followed 30 min
later by reserpine (5 mg/&£ i.v. )j rabbits were
sacrificed 16 hr after the injection of reserpine.
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tration in the hypophysis was 110^ and in the hypo¬
thalamus 80 and 155% (Fig, 12, C and B).
(5) Intravenous infection of glycogen reduced
the concentration in hlood, hut not in the hypophysis
or brain (Pig, lb)*
(b) Reserpine lowered the concentration of
histamine in blood but not in the cerebellum (Table
3b)*
Others have failed to detect any significant
change in the concentration of histamine in rabbit
brain after treatment with reserpine (S, 7/5), The
present results for the hypothalamus agree with
those reported for the cat (Adam and Hye, 1966),
The failure of reserpine to release histamine from
the hypophysis of cat (Adam and Hye, 1966) can be
related to the finding that reserpine does not
release histamine from mast cells (Parrat and West,
1957)* la the rabbit, however, reserpine reduced
the concentration in the anterior lobe (Fig, 11),
probably because the amine is of non-mast origin#
rabbit tissues are known to contain few mast cells
(Constantinides, 1953)*
Reserpine releases histamine from rabbit
platelets la tro and la vivo (S, 7/3)* The rate
of histamine depletion in blood (Fig, 11) is
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similar to that reported by Waalkes and Weissbach
(1956), Since reserpine does not cause a reduction
in the concentration of circulating platelets
(Shore et al, 1956), the decline of histamine in
blood therefore represents a true release*
The same dose of reserpine (5 mg/Kg i*v*)
lowered the concentration of monoamines in rabbit
brain to 23% of the control within 30 rain. and
to 10^b within h hr (Brodie et al, 1956| Shore and
Brodie, 1957)# By comparison, the present results
show that reserpine does not deplete histamine in
brain to the same extent or as rapidly as it depletes
the monoamines.
It has been suggested that reserpine lowers
the monoamine concentration in brain by blocking
a mechanism which pumps the amines across a membranes
into particles (Pletscher, Shore and Brodie, 1956f
Brodie and Shore, 1957)* According to this hypo¬
thesis the depletion of amines is pictured as a
consequence of passive leakage of the amines from
their stores, and the low concentration is a balanc^
between synthesiB and rapid catabolism, Giarman
(1961) found that more 5-HT was present in the
supernatant fraction than in the particulate
157a
Iflfrlfi
Uptake of ^atsnrtne bv hypophysis. hypothalamus and frlQQd
In rabplta nre-treated with reserolne C5mg/Ka 1,Y,).
Histamine f? ma/Kg/dO min. ^ Infused 21.5 hr. after the
inientlon of rfiserplne. (Ho. of rabbits).








Rabbit 1 680 230 3800 970
Rabbit 2 1260 280 5300 1200
Keserpine, 5mg/





















Mean ± S.E. 6^6 660^27(25)
' taken from table 3k, page 151a
2 taken from table 19» page 102a
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fraction of the rat brain after treatment with
reserplne. Hence reserpine might have acted in a
similar way on the storage mechanism of histamine
in brain* hypophysis and platelets. The difference
in the intensity of action of reserpine on brain
histamine and monoamines could be related to the
different rates of synthesis and cataboliam of the
amines.
R«*eovary> The concentration of histamine in
blood* hypophysis and hypothalamus remained low
for several days* even when it could be expected
that reserpine had disappeared from brain and
whole body (Hess et al* 1958). Recovery was
complete in 7 days (Fig. 11). The present results
agree with those reported for the recovery of
histamine in the cat*8 hypothalamus (Adam and Hye*
1966)| and for the recovery of 5-HT and noradren¬
aline in rabbit brain (Brodie et al* 1956* Shore
and Brodie* 1957).
Recovery of histamine in blood was similar to
that reported by Waalkes and Weisabach (1956) for
5-HT and histamine. The rate of recovery of hiBtf
amine in blood* hypophysis and brain was roughly
the same* which might suggest that histamine in thte
3 sites is bound by a similar mechanism.
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Mralnietratign gf histifling to rating prcrlaregtafl
with, reaeraln.fi (Tables 37. aafl-3fl fig.. 12J«
(a) gffcgt QU hypothalami* Reserpine did
not prevent the formation of histamine from exogen¬
ous histidine, since some of the amine already
depleted by reserpine was partially or completely
replenished. By comparison, reserpine did not
inhibit 5-HTP DC in rabbit brain Xn 2XX0l (Shore et
al, 1957) nor did it interfere with the formation
of 5-HT from exogenous 5-HTP (Shore et al, 1957*
Brodie et al, 1966).
When histldine was infused 21.5 hr after the
injection of reserpine, the concentration rose
from 2+0 to 80% of the control. But when histidlne
was infused 2+5*5 hr after reserpine, the concen¬
tration rose from 55 to 155% of the control. The
infusion of histidine alone, however, raised the
concentration to 225% of the control. These find¬
ings indicate that although decarboxylation of
histidine was not affected, the storage capacity
was impaired at 22+ hr after the injection of
reserpine* at 2+8 hr the storage capacity had
already recovered but was not yet complete.
These results are comparable with those
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reported by Brodie et al (1966) who found that the
ability of rabbit brain to store p-HT (from exogen¬
ous fHHTP) began to recover at 36 hr after the
Injection of reserplne} these authors concluded
that recovery from sedation was related to the
recovery of storage capacity for 5-HT* Hence the
theory for the role of 5-HT in the central action
of reserpine (S, 7/3) could also hold true for
histamine* In the present experiments rabbits
recovered from sedation at the time when the low
concentration of histamine in the hypothalamus
had begun to rise and when the hypothalamus was
able to hold larger amounts of newly-formed hist¬
amine*
(b) iff,6Ct oa hypgghyaiB. Reserplne alone
(5 mg/Kg) reduced the concentration in the anterior
lobe to about UO^ (at 2b and I4.8 hr) (Table 36 and
Fig* 11), Infusion of histldine alone (500 mg/Kg/
2 hr) did not raise the concentration of histamine
significantly (Table 18)* But when the same dose
of hlstidine was infused 21,5 and h5#5 hr after
the injection of reserplne, the concentration rose
from bO to 110^ of the control (Fig* 12). This
rise is difficult to explain# However, two
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possibilities can be considered: (a) It is possiblp
that when the stores or histamine are depleted,
as by reserpine, the hypophysis is able to form
histamine from exogenous hist!dine and retain it,
(b) It is probable that when histidine was Infused
in reserpinized rabbits, histamine may have been
formed in blood or released from tissues and then
taken up by the hypophysis. To test this assumption
rabbits were treated with reserpine and 21,5 hr
later they were infused with histamine (Table b-0).
The anterior lobe was found to take up histamine
under these conditions,
(c) oa Keserpine alone (5 mg/
Kg) reduced the concentration of histamine to
20% of the control at 2k and i+8 hr (Table 361 Fig,
11). Infusion of histidine alone did not raise
the concentration of histamine (Fig, 6), When
histidine was infused 21,5 and k5»5 hr after the
injection of reserpine, the concentration was still
about 20% of the control, indicating that the
capacity of platelets to store histamine was still
impaired.
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ftflwrtnl fttrattoa of rgggrolng to raft&ita, pgg-trgatgfl
with histifling*
(a) fiffgfit.m .hmt&fiifiBKAB* The infusion of
histidine (500 mg/Kg/2 hr) raised the concentration
of histamine to 225% of the control at £ hr and to
200% at 16 hr. Reserpine alone lowered the concen4
tration to 65% at 16 hr. When reserpine was inject¬
ed 30 min after the infusion of histidine and
rabbits were killed 16 hr after the injection of
reserpine# the concentration fell from 225 to 55%
of the control (Table 39# Pig. 13). It eeems
therefore, that reserpine released all the newly-
formed histamine. This finding supports the
hypothesis (S. 5/5) that the newly-formed hi stamin^
is probably bound.
(b) Effect 9», hypophysis and blood* when
reserpine was Injected 30 min after the infusion
of histidine, the concentration fell to the same
extent as with reserpine alone.
Uotafrg of hiatoaiafl fry,,, too thalamus* hypophygll
and blood la rabbits ars-troatefl with reiserpint.
(Table 60). Only the anterior lobe of the hypophy¬
sis took up some exogenous histamine. This flndini
indicates that even though reserpine impairs the
capacity of the hypophysis to store the amine, it
did not prevent uptake.
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SECTION 8
GENERAL DISCUSSION ON THE EFFECT OF AMINO ACIDS
AND DRUGS
Since histamine is unevenly distributed in
the brain (Table 12), the study of its concentration
on a regional basis has made it possible to detect
changes after treatment with amino acids and drugs#
The effects were more prominent in the midbrain
and hypothalamus than elsewhere in the brain*
8/1 BLOOD
The concentration of histamine in whole blood
of untreated rabbits was high and varied over a
wide range (Table 15), Histamine was estimated
in blood as a control, since changes in blood
histamine might have accounted for the changes
found in brain. However, evidence presented in
Sections k/3» 5/5 and 7/3/3 indicates (a) that
histamine extractable from brain and hypophysis
derives mainly from the tissue and not from blood
and CO that changes in the histamine concentration!
in these tissues after treatment with drugs are
independent of changes in the blood. Treatment
with histidine, histamine, a-methyldopa, DOPA,
16U
5-HTP or tryptophan did not alter significantly
the concentration of histamine in blood. Treatment
with reserpine produced a marked reduction.
HYPOPHYSIS
The concentration of histamine in rabbit's
hypophysis (Table 12) was lower and less variable
than that of the dog and cat (Table 2) which may
be explained by the absence of mast cellsj experi¬
ments with reserpine (Table 36) are consistent with
this view.
Hone of the amino acids used produced a
detectable change in the concentration of histamine
extractable from the anterior lobe. The infusion
of histamine, however, raised the concentration in
both lobes of the hypophysis (Table 19). These
findings confirm the view that the gland is outside
the 'blood-brain barrier* (Davson, 1956). The
concentration of histamine in the anterior lobe
remained unchanged after treatment with chlorpro-
mazine or lproniazid. After treatment with reser¬




The effect of amino acids and drugs was studied
mainly on the concentration of histamine in the
hypothalamus and midbrain,
(i) Sffect, of fining acids* The infusion of
histidine led to a rise of histamine in many parts
of the brain* the rise was greatest in the mid¬
brain and hypothalamus and depended on the dose
(Fig, 6), The following observations suggest that
histamine was formed In the brain by local decarb¬
oxylation of histidine. First, after treatment
with histidine the concentration of the free amino
acid was found to be high in brain (Table 46),
indicating that like other amino acids (Lajtha and
Mela, 1961) it readily entered the brain* secondly],
after the infusion of a large dose of histamine
the concentration did not rise In the hypothalamus
or thalamus (Table 19)*
The infusion of large doses of histidine did
not appear to affect the behaviour of the rabbit
(S. 5/5)9 which might suggest that histamine
formed in brain was probably •bound1 • The follow¬
ing evidence supports this assumption (a) newly-
formed histamine disappeared slowly from the brain
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(Fig* 8)f (b) reserpine released all the newly-
formed histamine (Fig* 13) and (c) chlorpromazine arjd
iproniazid, which are known to inhibit the enzymes
that catabolize histamine (3, 7/1 and 7/2), did not
potentiate the effect of hietidine on the concen¬
tration of histamine (Tables 31 and 33)•
Treatment with a-methyldopa, QOPA or 5-HTP
increased the concentration of histamine in the mid¬
brain (Fig* 9)* Simultaneous infusion of each of
these amino acids with histidine did not interfere
with the formation of histamine* These findings
suggest that a-methyldopa does not inhibit the
DC for histidine or that a specific DC for histidinr
exists in rabbit brain*
These results are difficult to interpret with¬
out further information* It would be desirable to
estimate histidine and l»h-methyl-histamine in brair
and to study the properties of DC for histidine and
the localization of histamine in brain*
(2) ffffect of drugs. Chlorpromazine and iproniazid
raised the concentration of histamine in the mid¬
brain probably by inhibiting the catabolism of
histamine*
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Reserpine released histamine from different
parts of the brain but did not prevent the formation
of histamine from exogenous histidine. The capacity
of hypothalamus to store the amine was greatly
Impaired at 2h hr but had partly recovered at kQ
hr (Fig, 12), The recovery of histamine concentrat¬
ion and the binding mechanism in the hypothalamus
coincided with the recovery of the rabbit from
sedation! these observations might suggest that
histamine was implicated in the central actions of
reserpine. These findings are similar to those
reported for 5-HT in the rabbit brain, (Brodie et
al, 1966),
Since treatment with reserpine caused a sim¬
ultaneous depletion of histamine in brain, hypoph¬
ysis and blood, it may be that histamine Is bound
by a similar mechanism at the three sites.
The present work shows that the concentration
of histamine in brain, particularly in the hypo¬
thalamus and midbrain, can be altered by several
amino acids and drugs. The results do not indicate
in any way the function of histamine in brain but




STUDIES IN THE CAT
The first experiments with histidine were
carried out in the cat as an extension of an earlie
investigation by Adam and Hye (1966).
Materials and method
Cats were anaesthetized with pentobarbitone-
sodium (i+5 mg/Kg i.p.) or chloralose (80 mg/Kg i.v.
after induction with ether) and then infused with
saline (i.v, through the femoral vein or intra-
arterially through the carotid) as a control for
the infusion with histidine solution. The method
of removal and dissection of cat's brain was simil¬
ar to that described by Hye (I96h). Extraction
and purification of histamine is described in 3,
2/9. The conditions of the present experiments
differed slightly from those of Adam and Hye (1966)
these workers anaesthetized the cat with ether and
estimated histamine indifferent parts of the
hypophysis and hypothalamus. In the present work
histamine was estimated in the whole hypophysis,
one half of the hypothalamus, the medial thalamus
and the cerebral cortex.
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Preparation of the histidine solution has been
described in S. 2/3. Cats were anaesthetized and
then infused with histidine (500 mg/Kg/2 hr i.v.
or intra-arterially).
Resulta
(a) Coagenlrftttfla, of hiateffllae in hreophyBl.s
and brflln (fab^e The mean concentrations are
compared with those obtained by Adam and Hye (1966).
The present results in the brain are slightly highez1
than those obtained when ether was used as an
anaesthetic (Adam and Hye, 1966)# It is not clear
how the anaesthetic affects the concentration of
histamine in cat's brain.
00 Bffest gf hi&UJliis axi ths goagentmign of
histamine (Table The mean concentrations in
the hypophysis, hypothalamus and cerebral cortex
were not significantly different from those of the
saline-infused controls. In the medial thalamus,
the mean concentration rose significantly to about
135% of the control (PcO.Ol).
The same dose of histidine (500 mg/Kg/2 hr)
raised the concentration of histamine in brain, both
in the conscious and anaesthetized rabbit (S. 5).
The negative results in the cat are difficult to
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Table 41
m,8ta?alag in gat'fl hypophysis eM frrfllfo Estimates of concentration as nanograms




















































Mean jt S.E. 2230^290 1000^100 370.±20 110.120
Controls from















Pooled value from different parts.
Hypophysis » anterior lobe + posterior lobe + infundibulum
Hypothalamus ® ventral hypothalamus + dorsal hypothalamus-+ corpora mamilloria + pre-optic region
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interpret, tout could be due to the effect of
anaesthetic, species difference, differences in
turnover rates of the amine or some other factors.
170a
Table 42
Effect of histldine Infusion (500 mp/Kcr/2hr.) on pQ^fn^at|on pf
histamine in hypophysis and brain of cats anaesthetized with oento-















































(7) 1000^100 370*20(7) 110*20
38
Significantly different from mean of control P<.0.01





The rise of histamine in brain after the i. v.
infusion of histidine raised the question whether
histamine was formed during the extraction proced¬
ure# That histamine may be formed from histidine
in the process of extraction has been shown to
occur. Non-enzymatic decarboxylation of histidine
had to be excluded before it could be assumed that
histamine extractable from brain after the infueioi.
of histidine was formed endogenously. This was
especially necessary since after the infusion of
large amounts of histidine# the concentration of
this amino acid was high in the plasma and brain
(Table U6).
Although the method described by Barsoum and
Gaddum (1935) and later modified by Code (1937a)
has been used for the extraction of histamine
from tissues# some have criticized it. Heating of
the extract in strong HC1 to destroy other pharma¬
cologically active substances# may lead to the
formation of histamine by spontaneous decarboxylation
of histidine. As early as 1911# B»ins and Pyman
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found that histamine can he formed from hlstldine
when the latter Is heated In concentrated HC1 at
high temperatures* B&rsoum and Gaddum (1935) warneld
against desiccation when heating the tissue extract
in HG1. Later Akerblom (1941) found that histamine
was formed when histidlne was extracted by Code's
method (1937a)* These findings were confirmed hy
Schmiterlow (1949)* Hughes, Salvin and Wood (1951)
concluded that trichloracetic acid might be respon-*
slhle for the formation of histamine* These find¬
ings, however, were not confirmed by others (Emmelijct
Kahleon and Wlcksell, 1941i Emmelin, 1945)*
The following experiments were carried out to
test for the possible formation of histamine from
histidine under the conditions of our method which
includes extraction in TCA and heating in 6 M HC1
at 9S-100°C.
2/2 Estimation of hlstldlne in nure solution^
The colorimetric method of MacPherson (1946)
was used.
2/2/1 special Efluigment
Beckman DB Spectrophotometer and Unicam SP.
1300 Colorimeter*
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2/V2 vTiefltels aad ,aglu„Uga,a
All chemicals used were of analytical gr%de:
N/1 HC1, made up from an ampoule (concentration
36*46% w/v, BDH)
1% (w/v) Sulphanilic acid solution in N/1 HC1
5% (w/v) Sodium nitrite, prepared fresh for each
experiment
20% (w/v) Sodium carbonate
20% (w/v) Ethanol (re-distilled twice)*
Iiistidine solution: concentrated stock solution
(4 mg base/ml water) was kept at 4°Cj histidine
standards were prepared fresh from this stock#
2/2/3 Profifidure
(a) Pipette histidine solution into a stopper¬
ed 25 ml volumetric flask and make up to 5 ml with
water*
(b) Add 1 ml of 1% sulphanilic acid solution
and add 1 ml of 5% NaNQa, Mix and stand for 5 rain
using a stop watch, shaking the flask occasionally.
(c) Blow in from a rapid delivery pipette,
3 ml of 20% Na2COa* Shake for about 10 seconds
and
(d) add 10 ml of 20% ethanol. Mix while
cooling under the tap*
17k
(e) Make to volume (25 ml) with water and
read in the colorimeter.
To prepare a blank, the same procedure was
repeated starting with 5 ml water or 5 ml buffer
(100 mEq/1 Na+)»
Ohf»rai oni assay. The Beckman Spectrophotometer
was used to determine the wave-length for peak
absorbanee of the coloured substance which was
found to be between h90 and 510 mji* The linicam
colorimeter was subsequently used for the estimat¬
ion of histidlnei the filter was No, 2 Ilford 622,
bright spectrum blue (375-535 mjx). The two instru¬
ments gave essentially the same readings,
gfiiUftrfiUPn gtu-yg. Histidine standards, 20,
hO, 60 and 80 p.g were used, since the colorimeter
is most sensitive in the absorbance range 0 to 0,3»
Standards of histidine dissolved in water or buffer,
(100 mEq/l Na+) gave similar readings. The cali¬
bration curve was linear in this range and was
tested in each experiment,
2/3 aaUa&jJLofl of jdjy&Uofi in, Hcala anA JajLoad. pilaw*
2/3/1 Ssgpial wvlnmut*
Automatic Amino Acid Analyser (Evans Electro—
Belenium).
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2/5/2 Chemicals, ana BQluUflftB
All chemicals used were of analytical grades
Anionic resin (Dowex-2-Ghloride x 8» 100-200 mesh)
N/1 HC1
0,02 N HC1 (prepared from N/1 HC1)
1/a picric acid solution in water (w/v), prepared
fro© 50% solution (BDHj.
2/3/3 FfQCQdUgfi
gTCPftfaUcn Of .ttlffi COlWim* The resin (Dowex-
2-chloride x 8) was washed 3 times in N/1 HC1 and
steeped in the same acid and kept at 4°C» The
resin was then poured into a tube (9 mm diameter)
the lower end of which was closed by a disc. of
sintered glass. The column was 2 cm high with
volume of 10,2 cm3# The column was then washed
with distilled water until the effluent became
nearly neutral | the pH was measured electrometri—
cally. Time required for wash was 50 min. When
the pH was close to that of distilled water (5»2),
a round filter paper (Whatman No. 1) was cut and
applied to the top of the resin to prevent disturb¬
ance. The column was now ready f~v application of
the brain or plasma extract.
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Hie now rate was not critical (about 25 ml/
15 min. )« Picric acid and all acidic amino acids
were adsorbed on the column, but some of the basic
amino acids may also have been adsorbed* The basic
amino acids, including histidine, were eluted with
It X 5 ml aliquots of 0.02 N HC1| the acidic acids
remained adsorbed. The effluent as well as the
eluate was collected in a 50 ml measuring cylinder
and then transferred to a 500 ml round-bottomed
glass-stoppered flask for freeze-drying. The
residue was taken up in 0.1 N HC1 and applied to
a column in the Automatic Analyser.
astrag.UPft q£ frJLgpa Plaeaa. One rabbit
received 3 infusions of histidine (3 x 500 mg/Kg
i.v* over 2k hr, 3. 5/1)# Thirty min after the
end of last infusion, it was anaesthetized and
heparinized| the carotid arteries were cannulated
and 10 ml of blood was collected and centrifuged
at 2500 r.p.m. for 30 min at 4°C. A two ml aliquot
of plasma was transferred to a large centrifuge
tube to which 16 ml of 1% picric acid was added
(8 volumes) and mixed with a glass rod. This sus¬
pension was centrifuged at 2500 r.p.m. for 30 min
at h°C. An aliquot of supernatant (16 ml) was
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decanted into a measuring cylinder and applied to
the Dowex-2 column, as described. The final
volume of the effluent was 35*5 ffll.
artfaction Of ferflln* After Ceding the rabbit,
the head was perfused with Ringer-Locke solution.
The brain was then removed and divided in the
sagittal plane> one half (5 g) was placed in a
large homogenizer (immersed in Ice, i+°C) and homo¬
genized with water (2.5 ml of water/g of brain).
The pestle was washed with water and the final
volume was made up to 20 ml. A 2 ml aliquot of
brain homogenate (equivalent to 500 mg of tissue)
was transferred to another homogenizer. To this
homogenate 16 ml of 1% picric acid (8 volumes) was
added and the mixture homogenized again. The final
suspension was transferred (by teat pipette) to
2 graduated 10 ml centrifuge tubes (9 ml in each)
and both were centrifuged, as above, until the
supernatant was clear. The supernatant was decant¬
ed into a 25 ml measuring cylinder. The total
volume (16.2 ml) was applied to the column as
described} the measuring cylinder was washed with
2 ml picric acid which was added to the column.




(a) MSQri>tlQ31 Of histldine on the reeln-
ceiinioae cQipwp. Known <iuantitles of hlstidlne
(20 to 400 p,g) were dissolved in 10 ml buffer
(100 mEq/1 Ba+) and applied to the columns (pH 8,0 ij
one colume was used as a control. The effluents and
eluates were tested colorimetrically to measure
the amount of histidine present in each fraction*
the effluent and eluate from the control column
were used for the blank reaction,
(*) ftgtiaaUon of histamine in caamercl^JL
samples of histidine- Waton (1963) ^as reported
that samples of histidine contain variable amounts
of histamine as an impurity.
Various concentrations of histidine in Tyrode1s
solution (50 to 800 jig/ml) were tested on the
superfused guinea pig ileum (3, 2/10), iaepyramine
test was also performed to exclude the presence
of other active substance(s),
(c) fUg.tiiUafi .solution,,s&sm&L to .various
trgataeniB involved la .the, grgcsdugt, for eartraeUou
and pucJLflcflttan of histamine.
(1) Two samples of histidine (50 and 100 fig
in 10 ml buffer) were applied to the resin-cellul-
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ose columns and the eluates were evaporated under
reduced pressure and heated in 6 N HC1 for 30 min
at 100°C (S. 2/9).
(2) Two samples of histidine (50 and 100 jig
in 5 ml water) were evaporated only.
(3) Two samples of histidine (50 and 100 jig
in 5 ml water) were heated in acid.
The final dried material was reconstituted
in 5 ml Tyrode's solution and assayed on the ileum
for the presence of histamine activity. Similar
samples of histidine solution (50 and 100 jig in
5 ml Tyrode) were used as controls.
(d) jfoUraflUon pi ftlsU&Lnc, In rabbit train
and Plasma after treatment with the amino acid.
The procedure has already been described (Appendix
2/3). Histidine was estimated by the use of the
Automatic Amino Acid Analyser. The freeze-drying
and estimations were done in the Department of
Therapeutics (R,I.E.).
(e) Recovery af histamine from brain tlaamg
after the addition of. Known quantities of hietidiniL
After histidine infusions (expt. d)» the concen¬
tration of the amino acid in brain was about 230
jig/g (Table 1+6). Hence it would be expected that
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10 jig of histidine would be contained in 50 mg of
brain.
One cerebral hemisphere was homogenized with
trichloracetic acid and water was added so that
12 rag of tissue was contained in 1 ml of extractan^.
Five, ten and twenty f+g of histidine were added
to k ml aliquota of the suspension and the puri¬
fication procedure was carried out as described
(S. 2/9). Two control samples were included,
fieamta
Experiment Application of known quantity
ies of histidine (dissolved in buffer: 0,05 Molar,
100 raEq/1 Na , pH 8,0) to resin-cellulose columns
and estimation of histidine colorimetrically in thr

























The results indicate that 90% or the histidine
applied to the columns passed through with the
effluent and that none was detectable on elutlon
with 0,25 N HC1, even after applying large
quantities.
Histidine has 3 lonizable groupsi the ion¬
ization constants for the amino and carboxylic
groups at isoelectric point are 9*2 and 1.67
respectively (Levy, 1935| Deutsch and Eggleton,
1938): According to formula pK& - pH » log Ionized/'
Unionized, it was calculated that at pH 8.0 (pH
of the column) 9k% of the amino groups and 100%
of the carboxylie groups would be ionized. Hence,
the net change seems to be almost nil, which might
explain the lack of ion-exchange and adsorption of
histidine on the resin. The 10% of unrecovered
histidine may have been adsorbed non-speciflcally
on the resin or cellulose.
Experiment (h). Histamine as contaminant in














The stimulant effect of the solution containing
800 (Ag/ml Tyrode was much less than that produced
by lower concentrations. This may have been
due to the antihistaminic effect of histidine on
h. the ileum, Such an effect has been described by
others (tfocha e Silva, 194h| Hughes et al, 1951)•
When solutions of histidine in the range
200 - 800 pg/ml, were applied to the ileum in the
presence of mepyramine (3 ng/ml Tyrode's solution),
there was a definite contraction which was more
than that produced by 3 ng of histamine. It was
concluded from these results that concentrations
of 50 or 100 pg histidine/ml contained no detectable
amounts of histamine. The nature of the other
contaminant(s) is not known.
Experiment Formation of histamine from







in the dried extract
after reconstitution
in Tyrode's solution
50 pg/10 ml buffer*






50 pg/5 ml water





50 pg/5 ml water





50 pg/5 ml Tyrode^
100 pg/5 ml Tyrode none Undetectable
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(Table 45) * o.05 Molar, 100 mEq/2 Na*
^ Control.
The results show that when histidine was
exposed to various treatments involved in the
extraction and purification of histamine, no
detectable amounts of histamine were being formed.
These results are in accordance with those report¬
ed by Adam (1981).
Experiment Effect of histidine infusions
(3 x 500 mg/Kg, over 24 hr) on the concentration
of the free amino acid in the rabbit brain and








The concentration of histidine in plasma was
found to be 5 to 10 times greater than that report¬
ed for serum histidine of untreated rabbits (10-20
Hg/ml: Schwartz, Helgert and Bricka, 1938j Hughee
and Williamson, 1951).
Values are not available for the concentration
of free histidine in rabbit brain. But the values
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reported for other species (Table 6) range from
9 to 26 |ig/g« It was considered that high concen¬
trations of histidine present in brain samples
could lead to the formation of histamine during
the process of extraction and purification. Hence
this source of error might have accounted for some
of the histamine extractable from brain.
Experiment (e). Recovery of histamine from
brain tissue after the addition of known quantities














The concentration of histamine in brain
samples to which histidine had been added was not
different from that of the control, indicating
that histamine was not formed during the procedure,
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APPENDIX 3
EFFECT OP IjVf INJECTION OF GLYCOGEN ON THE CONCEN¬
TRATION OF HISTAMINE IN RABBIT BLOOD, HYPOPHYSIS
.&,■* , AND BRAIN * #
latraaafiAlatt
The object was to administer a compound which
does not enter the brain but which would lower
the concentration of histamine in blood* Jja vltrp.
glycogen releases histamine and 5-HT from rabbit
platelets (Waalkes and Coburn, I960* Westerholm,
1965)# Soon after the i»v» injection of liver
glycogen, the concentration of histamine in rabbit
blood fell steeply! this was accompanied by a
sharp fall in the platelet count* both values
started to recover after 10 min and were still
less than normal after 60 min (Rocha e 3ilva, 1950)«
These findings were later confirmed by Waalkes and
Coburn (1959®)* After the i.v* injection of
glycogen (100 mg/Kg) in rabbits, the concentration
of histamine and 5-HT fell in whole blood but rose
in plasma and lungf the peak effects were seen
after 1 min.
Materials, method
Rabbit liver glycogen (BDH) was used. A con¬
centration of 50 Rig/ml water was prepared fresh
186
for i,v# injection* Each rabbit received 100 rag/Kg
The rabbit was first anaesthetized with
pentobarbitone! the carotid arteries were then
exposed end cannulatcd with polythene cannulas*
Heparin was injected (800 i.Jt./Kg i.v, ) and blood
was collected from the carotid artery for haemato-
crlt and histamine estimation. Then glycogen was
injected i,v, and blood samples were collected 1,
4 and 10 min after the injection. Immediately
after taking the last sample* the rabbit was bled
and the brain removed and dissected (S, 2/7 and
2/8),
3/3 iteBllitg
The results (Table 48» Fig, 14) agree with
those reported by Rocha e Silva (1950) and Waalkes
and Coburn (1959a)» The concentration of histamine
in blood fell to Q% of the control 1 min, after the
injection of glycogen and to at 4 minf at 10
min the concentration rose to 14/6, There was no
evidence of change in the concentration of hista¬
mine extractable from the anterior lobe of hypophy¬
sis pr brain. These findings support the conclusion
that most of the histamine present in extracts of
brain or hypophysis is tissue amine and not derived
186a
Tafrle,
Effect of liver glycogen (100 mc/Ka l.v.^ on histamine concentration
In ralrtU whale frloofli hyppphyaia ana frrain.
Estimates of concentration as ng/g fresh tissue or ng/ml whole blood.
Control
Mean ± 3, E,
(No.)
after glycogen injection
Rabbit I Rabbit 2
Central
(before injection) 5400 5400
Blood: 1 min after
injection 410 480
Blood: 4 min after
injection. 330 340







Hypothalamus 660 * 27
(25) 510 970
Central grey matter 280 ± 15
(22) 250 400
Cerebellum (vermis) 60 jt 5
(12) 40 50
No change was noted in the haematocrit reading after glycogen
injection,
* Animals sacrificed at 10 min.
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from blood (S. h/3)» They also confirm the view
(7/3/3) that changes in brain histamine produced
by treatment with reserpine are not necessarily









































































. lU. Effect of i.v. injection of liver glycogen
in the anaesthetized rabbit on the con¬
centration of histamine in blood, anterior
lobe of hypophysis and different regions
of the brain, expressed as a percentage
of the control. Blood samples were
taken at 1, 1+ and 10 minutes after the
injection of glycogen and the concentrat¬
ion is expressed as a percentage of the
control taken before the injection.
Rabbits were sacrificed immediately after
taking the last blood sample.
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SUMMARY
1. Information on the occurrence and metabolism
of histamine in brain, hypophysis and blood is
reviewed.
2. Histamine was estimated by a method which
depended on purification of the amine by ion-
exchange chromatography and on biological assay.
3. A map is given of the distribution of histamine
in the rabbit's brain and hypophysis. The highest
concentrations were found in the hypothalamus,
followed by the medial thalamus, midbrain, hind-
brain, cerebral cortex and cerebellum.
2+. Various experiments were performed to test for
the correlation between the concentration of hist¬
amine in brain and that of the blood.
5. After treatment with histidine, the concentrat¬
ion of histamine rose in many parts of the brain
and roughly paralelled the distribution of the
pre-formed amine. The increase was greatest in
the midbrain and hypothalmus and was dose-dependent
The disappearance of the newly-formed histamine
was slow and also depended on the dose of histidine
6. After the infusion of histamine, the concentrat¬
ion rose in the hypophysis but not in the hypo¬
thalamus or thalamus.
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7« Treatment with a-methyldopa, DOPA or 5-HTP
raised the concentration of histamine in the mid¬
brain only* Simultaneous infusion of each of
theBe amino acids with histidine did not interfere
with the formation of histamine*
8* Treatment with chlorpromazine or iproniazid
raised the concentration of histamine in the mid-
brain# but did not interfere with the formation
of histamine from exogenous histidine*
9* After a single dose of reserpine# the concen¬
tration of histamine fell in the brain# hypophysis
and blood* The effect was maximal at iG-kQ hr
and recovery was complete within one week,
Heserpine impaired the storage capacity of
the hypothalamus for histamine whidiwas marked at
2k hr but had partly recovered at h-8 hr,
Keserpine released all the newly-formed
histamine*
10* The results are discussed and compared with
our knowledge of the distribution# formation and
metabolism of biogenic amines in the brain*
Possible mechanisms of the action of the amino
acids and drugs are also discussed*
190
REFERENCES
Abdel-Latif, A. A, and Alivisatos, S.G.A, (1961).
Imidazolytic processes IV. Enzymatic formation of
triphosphohistamine nucleotide* J. biol. Chem. 2^6.
2710-2715*
Abel, J*J* and Kubota, S. (1919)* On the presence of
histamine ((3-iminazolylethylamine) in the hypophysis
cerebri and other tissues of the body and its
occurrence among the hydrolytic decomposition
products of proteins. fffaaimggl* 13> 2i+3-300
Abood, L.G. (1955)« Effect of chlorpromazine on
phosphorylation of brain mitochondria. Proc. Soc.
6KP». JBIflls MS&» M» 668-690,
Abou, Y.Z., Adam, H.M. and Stephen, W.R. G. Unpublished
results.
Abraham, D., Pisano, J. and Udenfriend, S. (1961).
Distribution of^homocarnosine in animal tissues,
Adam, H.M, (196l)l Histamine in the central nervous system
and hypophysis of the dog. In Regional Nfiurg*
chemiatyv. ed. Kety, S.3. and Elkes, J., pp. 293*306.
London, Pergamon Press.
Adam, H.M., Hardwick, D. C. and Spencer, K.E.V. (1954).
Assay of histamine on the isolated guinea pig
intestine by the method of superfusion. Brit. J.
Pharmacol. £, 360-366.
Adam, H.M,, Hardwiek, D.C. and Spencer, K.E.V, (1957)*
A method of estimating histamine in plasma. Brit.
J. Pharmacol* 12> 397*403.
Adam, H.M. and Hye, H.K.A. (1966), Concentration of
histamine in different parts of brain and hypophysis
of cat and its modification by drugs. Brit. J.
IteffiflfiQl* £&> 137*152.
Adam, H.M., Hye, H.K.A. and Waton, N.G. (1964), Studies
on uptake and formation of histamine by hypophysis
and hypothalamus in the cat. From the Proceedings
of the Physiological docletv. (C. 38). Cambridge
Meeting, 24-25 July. J. Physiol. 2JSl9 70-71P.
191
Adam, H.M., Hye, H.K.A. and Waton, n.g. Unpublished
results*
Akerblom, E. (1941)* 2ur Histaminbestimmung in
Gewebsextakten. AC.ta P4YSjg.lt 2» 378-380.
Albritton, E.C. (1952). Quoted in BlPlOfiiS?! HWftPPta*
•Biology Data Book', ed. Altman, P.L. and Dlttmer,
D.S., p* 269, 1964. Federation of American
Societies for Experimental Biology, Washington,DC.
Alexander, F. (19*4-6). On the metabolism of histamine.
Quart. J. ext>. Physiol. 71-76.
Alivisatos, S.G.A. (1958). Enzymatic interaction of
histamine and coenzyme I with formation of a new
dinucleotide. Fed. Proc. XL, 180.
Amin, A.h., Crawford, T.B.B* and Gaddum, J.H. (195*4-)•
The distribution of substance P and 5-hydroxy-
tryptamine in the central nervous system of the dog.
J. Physiol. 596-618.
Anden, N» E., Roos, B. e. and Werdinius, B. (1963).
3,4-Dihydroxyphenylacetic acid in rabbit corpus
striatum normally and after reserpine treatment.
Lite 9gj. 5, 319-325.
Anden, N.E., Roos, B.E, and Werdinius, B. (1964)•
Effects of chlorpromazine, haloperidol and reserpine
on the levels of phenolic acids in rabbit corpus
striatum. Life Sci. £, 149-158.
Anrep, G.V,, Barsoum, G.S., Talaat, M. and Wieninger, E.
(1939). Determination of histamine in blood.
PkYPlPl* 2X* 476-484.
Arvy, L. and Quivy, B. (1955). Donnees sur la
repartition des labrocytes chez le chien. C.R. Ass.
Anat. XLII« Reunion, Paris, pp. 234-241.
«■■■ iwmJI
Ashhurst, D.E. and Richards, A.G. (1964). The histo¬
chemistry of connective tissue associated with the
central nervous system of the pupa of the wax moth.
Jt,M9rfthpl* Ukt 237-252.
192
Axelrod, J., MacLean, P.D., Alters, &.W. and Weissbach, H.
(1961). Regional distribution of methyl transferase
enzymes in the nervous system and glandular tissues.
In Regional Nenrochemlstry. ed. Kety, S.S. and Elkes,
J.» PP. 307-311. New York:, Pergamon Press.
Baldessarini, R.J. and Kopin, I.J. (1963)* Assay of
rissue levels of S-adenosylmethionine• Anaivt.
Biochem. £, 289*292.
Barsoum, G.8. and Gaddum, J.H. (1935). The pharmacologi¬
cal estimation of adenosine and histamine in blood.
Jt ;JhyBl9l* £2. 1-14.
Bartlet, A.l. (I960). The 5-hydroxytryptamine content of
mouse brain and whole mice after treatment with some
drugs affecting the central nervous system. Brit.
Pharmacol* 12* 140-146.
Bertaccini, O. and Vltali, T. (196h). Pharmacological
properties of some Imidazole derivatives occurring
in nature. J. Pharm. Pharmacol. 26, U41-449.
Bertler, A. (1961). Effect of reserpine on the storage of
catecholamines in brain and other tissues. Acta
Pta,8l9l« 51* 75-83.
Bertler, A. and Rosengren, *»# (1959). On the distribution
in brain of monoamines and of enzymes responsible
for their formation. STOffrlffnUfi 15* 382-38i+.
Best, C:H. (1929). The disappearance of histamine from
autolytic lung tissue. J. Physiol. ££, 256-263.
Best, C.H. and McHenry, E.W. (1930). The inactivation o:*
histamine. J,t 349-372.
Bhawe, W.B. (1958). Experiments on the fate 6? histamine
and acetylcholine after their injection into the
cerebral ventricles. J. Physiol. Iko. 169-189.
Birkhtiaser, H.V. (1940). Permente in Oehirn geistig
normaler Menschen. (Oholin-esterase, Mono-und Diamin
-oxydase, Gholin-oxydase). Helv. chim. Acta 23.
1071-1086.
193
Blaachko, H., Friedman, P. and Nilsson, X. (1958)# Two
kinds of histaminase. J. Physiol. 33P.
Sogdanski, D.F., Pletscher, A., Brodie, B.B. and Udenfrier
8* (1956)# Identification and aaaay of serotonin in
Brain. J, PhafMgftl. HZ# 82-88.
' ''
-1 V'."''''
Bogdanski, D.F., WeissBach, H. and Udenfreind, 3. (1958).
Pharmacological studies with serotonin precursor,
5-hydroxytryptophan. J. Pharmacol. 1&£, 182-194.
Borsook, H., Deasy, C.L., Haagen-Smit, A.JT. ,^Keighley, Q
ana Lowy, P.M. (1950). Metabolism of r4C-labelled
glycine, L-hlstidlne, L-leucine and L-lysine. J.
MflLuJitiSfl. HZ# 839-848.
Bovet, D., Kohn, R«, Marotta, M. and Silvestrini, B.
(1958)# Some effects of histamine in the normal and
Haemophilus pertussis vaccinated rat. Brit. J.
2a££fi3£fil. 13# 74-83.
Brandon, A. (19,55). Etude electrocorticographiq.ua et
electromyelographique de 1*action de l'histamine.
AfSht ln*t Ph.Yfil9l. &3# 62-69.
Brodie, B.B., Comer, M.S., Costa, E. and DlaBae, A. (1966)
The role of Brain serotonin in the mechanism of the
central action of reserpine. J. Pharmacol. 152.
340-349.
Brodie, B.B., Kuntzman, R., Hirsch, C.W. and Costa, E.
(1962). Effects of decarboxylase inhibition on the
Biosynthesis of Brain monoamines. Life Sci. Ji,
81-84.
Brodie, B.B., Pletscher, A. and Shore, P.A. (1956).
Possible role of serotonin in Brain function and in
reserpine action. J, PMiFWSPl* H&» 9.
Brodie, B.B., Shore, P.A. and Pletscher, A. (1956).
Serotonin-releasing activity limited to Rauwlfia
alkaloids with tranqulizing action. Sci.
992-993.
194
Brodie, B.B., Spector, S. and Shore, P.a. (1959)•
Interaction of monoamine oxidase inhibitors with
physiological and biochemical mechanisms in brain.
Aim. M.Y. Acad. Hel. 80 M). 609-616.
Brown, DiD., Axelrod, J. and Tomchlck, H. (1999).
Enzymatic N-methylation of histamine. Nature. Lond.
185. 680,
Brown, D.D. and Kies, II.W, (1959)* The mammalian met¬
abolism of L-hietidine.I. The enzymatic formation of
L-hydantoin-5-propionic acid, .T. biol. flhem.
3182-3187.
Brown, D.D., Tomchick, R. and Axelrod, J. (1959). The
distribution and properties of a histamine-methylat-
ing enzyme. J. biol. Ghem. £2±, 2948-2950,
Buffoni, P. (1966). Histaminase and related amine
oxidases. Pharmacol. Rev. 1163-1199.
Burkard, W.P., Gey, K.P, and Pletscher, A. (1983).
Diamine oxidase in the brain of vertebrates.
J. Neurochem. 184-186.
Burkard, W.P., Gey, K.P. and Pletscher, A. (1964).
Inhibition of the hydroxylation of tryptophan and
phenylalanine by a-methyldopa and similar compounds.
? Life Set. J, 27-33.
Burkhalter, A., Cohn, Jr., V.H. and Shore, P.A. (i960).
Effect of reserpine, serotonin, and 5-hydroxytrypto-
phan on rabbit platelet histamine la vivo and in
jHr?* BiQgfagRt fhftlTBffgQl* It 328-331.
Carlini, E.A., and Green, J.P. (1963). The subcellular
distribution of histamine, slow-reacting substances
and 5-hydroxytryptafdne in the brain of the rat.
BfU« Jt Pharmacol* ££, 264-277*
Garlsson, A. (1966). Drugs which block the storage of
5-hydroxytryptamine and related amines. In Handbook
at &5PerlBental FfrapaasOlOfty, vol. 19, '5-hydroxy¬
tryptamine and Related Indolalkylamines*, ed.
Eichler, 0., and Farah, A., pp. 529-592. Berlin:
Springer-Verlag.
Carlsson, A., and Lindqvist, M. (1962). Xa vivo decarb¬
oxylation of a-methyldopa and a-me thylinetatyros ine •
Acta physiol. scand. 54. 87-94.
195
Carlsson, A. , Lindqvist, M. , Magnusson, T. , and Wal&eek,
B. (1958)# On the presence of 3-hycLroxytryptamine
in brain. Sic. 127 471.
Century, B., and Horwitt, M.K. (1956). Actions of reser-
pine and chlorpx^omazine hydrochloride on rat brain
oxidative phosphorylation and adenosine triphosphatase.
»„.3qc i eafo, Mel*Med* 31, 493-497.
Cieardo, V.H., and Stoppani, A,0.M. (1949). Presence of
histamine in central nervous system extracts. Nature.
fcgna* JL&» 365.
Clark* C.T., Weissbach, H., and Udenfi'iend, 3. (1954).
5-Hydroxytryptophan decarboxylase: preparation and
properties. fl. pjQj, Qftsffl. £1£>, 139-148.
Clouet, D.H., Gaitonde, M.K. , and Richter, D. (1957). The
free histidine, histamine and arginine content of
the rat brain. J. Henrochem. X» 228-233.
Code, C.F., (1937a). The quantitative estimation of hist¬
amine in the blood. J. Physiol. ££, 257-268.
Code, C.F. (1937b). The source in blood of the histamine-
like constituent. v.„ fhyfilgl. 3£> 349-364.
Code, C.F. (1952). Histamine in blood. Physiol. Rev. 2g»
47-65.
Code, C.F., Dews, P.B., and Hlggins, G.M. (1953). The
relationship of the adrenal gland to concentration
of histamine and the number of leucocytes in the
blood of rabbits. J. Physiol. 121. 487-491.
Code, C.F., and Mclntire, F.C. (1956). quantitative
determination of histamine. In jfetftgflS Qf, filflSfcgalfial
Analvaia. vol., 3, ed. Glick, D., pp. 49-95. New
York: Interscience.
Code, C.F., and Mitchell, R.6. (1957). Histamine, eosin¬
ophils and basophils in the blood. J. Physiol. 135.
449-468.
Constantinides, P. (1953). Mast cells and susceptibility
to experimental atheroscleriosis. Sci. 117. 505-506.
196
Costa, E,, and Aprlson, M.H. (1958), Distribution of
intracarotidly injected serotonin in the brain.
Amer. J. Physiol. 122, 95-100.
Costa, B., Garattini, 3,, and Valzelli, L. (i960).
Interactions between reserpine, chlorpromazine and
imipramlne. ll> 461-463.
h '. • • : "
Costa, E,, Pscheidt, O.R., van Meter, W.G, , and Hirawich,
H.E. (i960). Brain concentrations of biogenic
amines and BEG patterns of rabbits. J. Pharmacol.
A3Q, 81-68.
Costa, E., and Kinaldi, F. (1958). Biochemical and
electroencephalographlc changes in the brain of
rabbits injected with 5-hydroxytryptophan (influence
of chlorpromazine premedication). Amer. J. Phvaioi.
i214-220
Cotzias, G.C., and Dole, V.P. (1952). The activity of
histaminase in tissues. J, frlel, ffhftffl. 12k$
235—2h2.
Courvoisier, 3., Fournel, J., Ducrot, R. » Kolsky, M.,
and Koetschet, P. (1953)* Pharmacological prop¬
erties of 3-chloro-10-(dimethylarainopropyl)
phenothiazine hydrochloride. Experimental study
of a new substance used in potentiating anaesthesia
and artificial hibernation. Arch, int. Pharmacodvn.
22M 305-345.
Crossland, J, (i960). Chemical transmission in the
central nervous system. i7,„ Ffrarifli, .fflfiflflacgj. 12$
1-36.
Crossland, J., and Mitchell, J.F. (1956). The effect
on the electrical activity of the cerebellum of
a substance present in the cerebeller extracts.
>r, aual&U U2* 391-405.
197
Crosaland, J., Mitchell, J,F«, and Woodruff, G.N, (1966).
The presence of ergothionine in the central nervous
system and its probable identity with the cerebellar
factor, ft, FtaU.91. ifift 427-438.
Crossland, J,* Woodruff, G.N,, and Woodruff, J.H, (1966),
The histamine content of brain during bulbocapnine-
induced catalepsy. lAffi gfij. 5, 193-197.
Curtis, D.R,, and Davis, R, (1962). Pharmacological
studies upon neurones of the lateral geniculate
nucleus of the cat, ari,t« ft Pharmacol. 1&» 217-
246.
Dale, H,H,, and Laidlaw, P.P. (1911). The physiological
action of p-lmin&zolyl-ethylamlne, J. Physiol*
3181344.
Darby, W.ft , and Lewis, H.B. , (1942), Urocanic acid
and the intermediary metabolslm of histidlne in
the rabbit, ft telgj, ShfiBU 223-233.
Davis, R.B. , Meeker, Jr., W.R,, and Bailey, W.L. (1961),
Serotonin release by bacterial endotoxin. Prop.
aasu szsu Sioi. Had. log. 774-776.
Davison, A,N. (1958), Physiological role of monoamine
oxidase. FhysiQl, Key. 729-747.
198
Davson, H« (1956). In Physiology of the Ocular and
Cerebrospinal Fluid, pp. 15o-lb3.
London: J. and A. Churchill•
Day, M. and Green, J.P. (1962). The uptake of amino
acids and synthesis of amines by neoplastic
mast cells in culture. J. Physiol. 164. 210*226.
Decsi, L. (1961). Further studies on the metabolic
background of tranquillizing drug action.
£, 224-242 *
De Jong, H.H. (1945). Experimental Catatonia.
Maryland: Williams and Wilkins.
Dengler, H. and Reichel, G, (1958). Hemmung der
Decarboxylase durch a-Methyldopa jjj vivo.
Arch, exp. Path. Pharmak. 275-281.
Deutsch, A. and Eggleton, P. (1938). The titration
constants of anserine, carnosine and some
related compounds.
ffliiQffifaSflit. iii^ * 209—211.
Documents Geigy Scientific Tables. Ed, Diem Konrad,
6th edition.
Dragstedt, C.A, and Mead, F.B. (1935)• Inactivation
of histamine in vivo.
Proc, Soc. exn. Biol. Med. 1435-1437.
Dragstedt, C.A. and Rocha e Silva, M. (1941).
Effect of trypsin upon blood histamine
in rabbits. Pyffq, S<?gt gjpj,, Mg<|. ^1* 420-
422.
Drain, D.J., Horlington, M,, Lazare, R. and Poulter, G.A.
(1962). The effect of a-methyldopa and some
other decarboxylase inhibitors on bruin
5-hydroxytryptamine. Life Sci. 1, 93-97.
DraSkoci, M., Feldberg, W., Fleischhauer, K. and
Haranath, P.S.R.K. (i960).
Absorption of histamine into the blood stream
on perfusion of the cerebral ventricles, and its
uptake by brain tissue. J, ?kY§i9l. 150, 50-66.
199
Edlbacher, S. (1943). Histidase and urocaninase.
Srgebnlaae der Knzymforschung % 131-154.
Ewins, A.J. and Pyman, F.L. (1911). Experiments on
the formation of 4 (or 5) -^-amino-ethylglyoxaline
from histidine. J. chea. Soo. 23., 339-344.
Emmelin, N. (1945). Ultrafiltration as a method of
preparing blood plasma for quantitative estimation
of histamine. Acta Physiol, seand. 2, 378-331.
Emmelin, N. (1951). Disappearance of injected
histamine from the blood stream.
Acta nhysiol. scand. 379-390.
Emmelin, N., Kahlson, 0. and Wicksell, P. (1941).
Histamine in plasma and methods for its
estimation. Acta Pfryglclt gganfl. Z* 123-142.
Emmerson, J.L. and Miya, T.S. (1963). Metabolism
of phenothiazine drugs.
J. Pharmaceut. Scl. 411-419.
Erspamer, V. (1954). Pharmacology of indolealkylamines.
Pharmacol. Rev. 6, 425-487*
Erspamer, V. (196I). Pharmacologically active
substances of mammalian origin.
AflB, 1» 175-218.
Euler, U.S.v. (1950). Histamine as a specific
constituent of certain autonomic nerve fibres.
Acta Physiol, asanfl. 85-93.
Euler, U.S.v. (1958). The presence of adrenergic
neurotransmitter in intra-axonal structures.
Acta ckyglglt jasaaa. k2» 155-166.
Peldberg, W. and Oreengeprd, P. (1956). Release of
histamine from the perfused sciatic nerve by
48/80. J. Physiol. 123, 63P-64P.
Peldberg, W. and Kwiatkowski, H. (1933). Untersuchungen
ttber prim&ren und sekund&ren Histaminschock am
arteriellen Blutdruck.
Afght cm?* ?ath. Pfaanaafc. 122, 551-559.
200
Feldberg, W. and Sherwood, S.L. (1954). Injections
of drugs into the lateral ventricle of the cat.
J. Phvaioi. 123, 148-167.
Feldberg, W, and Smith, A.N. (1953). Release of
histamine by tryptamine and 5-hydroxytryptamine.
Brit. J. Pharmacd. £, i406-411.
Finkleman, B. (1930), On the nature of inhibition of
the intestine. J, Pfryfllgl. 2SL, 145-157.
Fram, D.H, and Green, J.P. (1963). The presence of
methylhistamine in the brain.
ffftanftflgfliPfiigt 253.
Fram, D.H. and Oreen, J.P. (1965). Methylhistamine
in urine and brain. Fed. Proc. 2k., 778.
Friedberg, F. and Oreenberg, D.m. (1947). Partition
of Intravenously administered amino acids in
blood and tissues.
168. 411—413*
Oaddnm, J.H. (1953). The technique of superfuslon.
PrU» Pftaraaggl. A. 321-326.
Gaddom, j.h. (1956). The origin of histamine in the
body. In ffOHaOflttga, Sampggim* 'Histamine',
ed« Wolstenholme, G.E.W. and O'Connor, C.M., pp.
283-297. London: Churchill.
Gaddum, J.H. and Giarman, N.J. (1956). Preliminary
studies on the biosynthesis of 5-hydroxytryptamine.
Brit. J., PhaniflgtfL. 11, 88-92.
Gamble, h.j. (1964). Comparative electron-microscopic
observations on the connective tissue of a
peripheral nerve and a spinal nerve root in the
rat. J, 23, 17-25.
Gamble, H.J. and Goldby, S. (1961). Mast cells in
peripheral nerve trunks. ffgtw tenfl. 1£2, |66-
Ganrot, P.O., Rosengren, A.m. and Rosengren, E. (1961).
On the presence of different histidine decarboxy-
latlng enzymes in mammalian tissues.
Efrpgffientift 11, 263-264.
201
Gertner, S.B. and Kohn, R. (1959). The effect of
histamine on ganglionic transmission.
Brit. i*. jjMOBflgfll. 141 179-182.
Gey, K.F. and Pletseher, A. (1961). Influence of
chlorpromazine and chlorprothixine on the
cerebral metabolism of 5-hydroxytryptamine,
norepinephrine and dopamine.
133» 18-24.
Gllfoil, T,M,, Hart, S.R. and Marrazzi, A.S. (i960).
Cerebral synaptic inhibition by histamine.
FfijL-Z£2fi. H, 262.
Goldstein, L., Pfelffer, C.C. and Munoz, C. (1963).
Quantitative SSG analysis of the stimulant
properties of histamine and histamine derivatives.
£fi&u£CS&* 22* k2k.
Graham, H.T., Lowry, O.H., Wheelwright, F., Lens, M.A.
and Parish, H.H. (1955). Distribution of
histamine among leucocytes and platelets.
Blood 10. 487—481.
Grana, A. and Rocha e Silva, M. (1945). Effect of hydat
fluid on histamine content of rabbit blood.
Plargjgl. Ik3» 314-323.
Gray, J.H. (1935). Preliminary note on the mast cells
of human pituitary and of the mammalian pituitary
in general. f, .1 ImSL* §3* 153-158.
Green, H. and Erlckson, R.W, (1964). Effect of some
drugs upon rat brain histamine content.
Int. J. Neurooharmaool. 315-320.
Green, J.P. (1982). Binding of some biogenic amines
in tissues. Advanc. Pharmacol. I, 349-423.
Green, J.P. (1984). Histamine and the nervous system.
fed. Prog. 21* 1095-1102.
Green, J.P. (1967). Uptake and binding of histamine.
PfQg. 2k* 211-218.
Green, J.P. and Furano, A.V. (1962). Two pools for
amines in neoplastic mast cells.
Bioghgffl, pftflraacol. II, 1049-1053.
Id
202
Guggenheim, M. and Lbeffler, u.W. (1916)*
Blologischer Nachweis Proteinogener Amine in
Organextracten und Rferperflhssiglcelten.
fllfifihfil* S« 22* 303-32*+.
Gursey, D. and Olson, R.E. (I960)* Depression of
serotonin and norepinephrine levels in Drain
stem of rabbit by ethanol.
Profit flfifi, HQl* Hfid* ISk. 260-281•
Gustafsson, A. and Forshell, G.P. (1963)* Purification
of N-methyl transferase.
Afita Ohfilt gflflnd. lit 5W--5U2.
Hagen, P., Barnett, R.J. and Lee, F.L. (1959)*
Biochemical and electron microscopic study of
particles isolated from mastocytoma.
J« Pharaafifil* 12k* 91-108.
Hagen, B.P. and Cohen, L.H. (1966). Biosynthesis of
IndolealRylamines. Physiological release and
transport of 5-hydroxytryptamine • In
<?f SaspgriafiBtal pftaraftfi,olg«r» toi. 19, '5-Hydroxy-
tryptamlne and Related Indolealkylamines , ed.
Eichler, 0. and Farah, A.., pp. 182-211.
Berlin: Sprlnger-Verlag.
Hagen, P., Weiner, N., Ono, S. and Lee, F.L. (I960).
Amino acid decarboxylase of mouse mastocytoma
tissue. J, Pftaraflfiftl* 120.* 9-12,
Halpern, B.N., Neveu, T. and Wilson, C.V7.M. (1959).
The distribution and fate of radioactive histamine
in the rat. J. Physiol. U±Z, h37-M+9.
gfiaflftQQfc 9t PifiJLQglfial ffata (1956). ed. Spector, W.S.
London: Saunders.
flanaftqqfc Of Tfifilfifilfffflr (1959). Vol. IV, fTranquillizers1,
ed. Grebe, R.M. London: Saunders.
Harris, G.W., Jacobsohn, D. and Kahlson, G. (1952).
The occurrence of histamine in cerebral regions
related to the hypophysis.
In Ciba Foundation Colloaula on Endocrinology, vol.
Ut pp. 186-194. London: Churchill.
203
Heath, R.G., Leach, B.E. and Verster, P. de B. (1962).
In Hallucinations, ed. West, L.J., p. 183.
Hew York: Orune and Stratton.
Hebb, C.O. and Whittaker, V.P, (1958). Intracellular
distribution of acetylcholine and choline
acetylase. J. Physiol. ;y±£, 187-196.
Hess, S.M.. Connamacher, R.H., Ozakl, M. and Udenfriend.S,
(1961). The effects of a-methyldopa and a-methyl-
meta-tyrosine on the metabolism of norepinephrine
and serotonin ia XlX&»
JJki 129—138.
Hess, and Doepfner, W. (1961). Behavioural effects
and brain amine content in rats.
Arefa» int,, PftagaacQflYB. 12k» 89-99.
Hess, 8.M., Redfield, B.C. and Udenfrlend, 3. (1959)*
The effect of monoamine oxidase inhibitors and
tryptophan on the tryptamine content of animal
tissues and urine. J. Pharmacol. 127. 178-181.
Hess, S.M., Shore, P.A. and Brodie, B.B. (1956).
Persistence of reserpine action after disappearance
of drug from brain: effect on serotonin.
J t pfaanaasQl» 118 - 84-89.
Himwich, H.E., Costa, E., Pscheldt, O.R. and Van Meter,
W.6. (1959). Discussion.
u«T« Acad«.i?c3i* SQJCH* 614-616.
Holmes, P. and Jones, P. (i960). Metal complexes of
histamine and some structural analogues.
Parti. J. ahem. Soc. 2. 2398-2401.
M
Holtz, P. and Heise, R. (1937). Uber Histaminbildung
in Organismus. Arch, exp. Path. Pharmak. l££,
377-386.
H
Holtz, P. and Westermann, E, (1956). Uber die dopa-
decarboxylase und histidindecarboxylase des
Nervengewebes. Argft. ftsp* £22* 538-
546.
Horita, A. and Oogerty, J.H. (1958). The pyrotogenie
effect of 5-hydroxytryptophan and its comparison
with LSD. J. Pharmacol. J£Z, 193.200.
20k
Hughes, D.s. , Salvin, E. and Wood, D.R. (1951).
Decarboxylation of histidine as a source of
error in extracting histamine from tissues.
J. Physiol. 115. 218-227•
Hughes, D.E. and Williamson, D.H. (1951)• Removal of
acid by trioctylamine from samples for micro¬
biological assay. Bioohem. J. 48. 487-490.
Humphrey, J.H. and Jaques, R. (1954)# The histamine
and serotonin content of the platelets and poly¬
morphonuclear leucocytes of various species.
Physiol. 124, 305-310.
Hye, H.K.A. (1964). Ph.D. Thesis, University of
Edinburgh. "On the concentration of histamine
in different parts of the brain and hypophysis
of the cat and its modification by drugs."
Johnson, H.L., Beaven, M.A., Erjavec, P. and Brodie, B.B.
(1966). Selective labeling and release of nonmast-
cell histamine. Life Scl. 115-123#
Jonson, B. and White, T. (1964). Histamine metabolism
in the' brain of conscious cats.
*Proc. Soc. exo. Biol. Med. H£, 874-876.
Joyce, D. (1962). Changes in the 5-hydroxytryptamine
content of rat, rabbit and human brain after
death. Brit. J. Pharmacol. 1£, 370-380.
Kahlson, G. and Rosengren, E. (1965)# Histamine.
Aflfli ,ReY. Pharmacol# 305-320.
Kahlson, G., Rosengren, E#, Westling, H. and White, T.
(1958). The site of increased formation of
histamine in pregnant rat.
Jt ffrYglrt. m, 337-348.
Kamin, H. and Handler, P. (1951). The metabolism of
parenterally administered amino acids.
J* Mol. Pftfiffl# 1M, 193-205.
Kapeller-Adler, R. and Renwick, R. (1956). On the
enzymatic breakdown of histamine and cadaverlne
in human serum and urine.
CiUht Mfcft 1, 197-209.
205
Karjala, 3.A, (1955)* The partial characterization
of a histamine metabolite from rat and mouse
urine♦ J. Aiaer. cheat. Soc. ZZ» 504-505.
K&rki, N.T., Paasonen, M.X. and Peltola, P. (I960),
Factors influencing the release of 5-hydroxytrypta-
mine from the rabbit Intestine into the venous
blood. Am, Mgfl, gflBU Esm> M* 231-236,
Katoka, K. and be Robertis, B, (1967), Histamine in
isolated small nerve endings and synaptic
vesicles of the rat brain cortex,
ft. 3(56» 114-125.
Kelsall, M,A, and Lewis, P. (1964). Mast cells in the
brain. Fed. Proc. 23. 1107-1108.
Kiyokawa, M. (1933)* Beitr&gezur Kenntnis der biologischen
Spaltung dee hlstldins. Z, phyaitiU Qhgg* 21k> 36-
41.
Kobayashi, Y. and Sehayer, R.W. (1956). I& vitro
demonstration of a new histamine-metabollzing
enzyme. Arch. Blochcm. Bionhra. 2+80-^81.
Koechlln, B, and Illev, V. (1959). Metabolism of
lproniazld. Ann. H.Y. Acad. Sol. (?),, 864-872.
Koessler, K,K, and Hanke, M.T. (1919). Studies on
proteinogenous amines. II. A mlcrochemlcal
colorimetric method for estimating imidazole
derivatives. f, frltiU Qhta* iSL> 497-519.
Kolb, E. (1956), Hlstamlnase and diamine oxidase in the
serum of domestic animals, (ruminant, pig, horse)
and in ffBffftfirifihIa SfiU and 3trQPt9ffigg<mB faeealia.
ai, Yet. Mgft. 570-591- e
Kremzner, L.T. (1965a). Determination of brain histamine
by fluorometric assay. Fgfl, Eggs. 24 (2)> 578.
Kreazner, L.T. (1965b). Method for the determination
of histamine. Pgfl. PjCQfi. 24 Uit 518.
Kremzner, L.T. and Pfeiffer, C.C. (1966). Identification
of substances interfering with the fluorometric
determination of brain histamine,
ghfiomfifli. I5t 197-200.
206
Kremzner, L,T, and Wilson, I.B, (1961), A procedure
for the determination of histamine.
Bigslum. i?tohyg, Affte SSL» 364-367.
Krnjevic, K« and Phillis, J.W. (1963) • Actions of
certain amines on cerebral cortical neurones.
BgiU J * Bfraraagol* 471-490.
Kunz, E» (1964). Vergleichende Wirkung Ton zwei
Decarboxylasehemmern auf den Metabolismus von
endogenem und exogenem 5-Hydroxytryptamain.
ArsAi int. £toa&gftto» lkZ» 1-8.
Kwiatkowski, H. (1941). Observations on the relation
of histamine to reactive hyperaemia.
$,» iPhyBigiti * jQQ» 11+7-158.
Kwiatkowski, H. (191+3). Histamine in nervous tissue.
J. Physiol. 1Q2., 32-1+1.
Lagunoff, D. and Benditt, E.P. (1963). Proteolytic
enzymes of mast cells.
AfflU §81 • 3.°3 (!,)■» 185—198.
Lajtha, A. and Mela, P. (1961). The Brain Barrier
System - 1. The exchange of free amino acids
between plasma and brain.
J t flffwogftfta. Z» 210-217.
Lee, H.M. and Jones, 11,0-, (191+9). The histamine
activity of some p-aminoethyl heterocyclic
nitrogen compounds. J. Pharmacol. 25* 71-78.
Leroy, J.O. (1961). 5-Hydroxytryptamine levels in
brain of mice pretreated with a-methyldopa,
Arafat int, .pfaamagqftre. 2Jk* 492-496.
Levine, R.J., Sato, T.L. and Sjoerdsma, A. (1965).
Inhibition of histamine synthesis in the rat
by a-hydrazino analog of histidine and 4-bromo-3-
hydroxybenzyloxyamine.
Btoftffs, „PhflaBa,g9A. Ik* 139-149.
Levine, R.J. and S^oerdsma, A. (1964). Dissociation
of the deearboxylase-inhibiting and norepinephrine-
depleting effects of a-methyldopa, a-ethyl-dopa,
4-bromo-3-hydroxy-benxyloxyamine and related
substances. jT, gfaai&ftftgLi 2M* 42-47.
207
Levy, . M. (1935)• A note on the titration constants
of imidazole derivatives,
fi 122. 361-363.
Lewis, B., Gebauer-Fuelnegg, E.v* and Parmer, C.J.
(1933). A spectroscopic study and assay of
histamine. J. MWt CfaffS. 55 (2)» 2025-2027^
\
Levis, T. (1927). Tftfi YtggCig Cf tft? Sfeltt
and Their Responses. London: Shaw.
Lewis, T. and Grant, R.T. (1924). Vascular reactions
of the skin to injury. IX. The liberation of a
histamine-like substance in injured skin: the
underlying cause of factitious urticaria and of
wheals produced by burning} and observations upon
the nervous control of certain skin reactions*
Heart H, 209-265.
Lin, T.M. (1961)* Work done at Lilly Research
Laboratories, unpublished. Xn Handbook of
foregrj»CBW vol. 18/1, 'Histamine
and Anti-histamines,| ed, Slchler, 0. and
Farah, A*, pp. 1-43. Berlin: Springer-Verlag.
Lindahl, K.tt. (1958a). Methylation of histamine by
^26l«mouse liver ia Aate jaSsaiaU fififlfll. ki.254-2<
Lindahl, K.M. (1958b). On the biological methylation
of histamine. Affta filtMt ag»Bfl* 12 (2)» 1690-1691.
Lindahl, K.M. (1958c). On the biological methylation
of histamine. 3. Acta Cftffffl. SSftBfl* 12 (21. 2050-
2051.
Lindahl, K.M. (I960). The histamine methylatlng
enzyme system in liver. Acta ffhyalPl.
Lindell, S.E., Nilsson, K«, Roos, B.-E. and Westling, H.
(I960). The effect of enzyme inhibition on
histamine catabollsm in man.
mU J. PhftgBflC9l. 15. 351-355.
Lindell, S.-E. and Viske, K. (196I). A note on the
distribution of ,4C-hlstamine added to blood.
Brit* J. PhaaHaccl. 17. 131-136.
208
Lindell, 8.B. and Westling, H, (1957). Enzymatic
oxidation of some substances related to
histamine. gQfflfl* 32* 370-384.
Lovenberg, W,, Weissbach, H, and Udenfriend, S. (1962)*
Aromatic L-amino acid decarboxylase.
Ji blglt fffogffi* £2Z» 89-93*
Mackay, D.t Riley, J.F. and Shepherd, D.il. (1961).
Amino-acid decarboxylase activities in rat
hepatoma. J t Pframt ,%ra^Wl» 257-261,
Mackay, D, and Shepherd, D.M. (i960). A study of
potential histidine decarboxylase inhibitors.
firitt IS* 552-556.
Macpherson, H.T. (1946). The basic amino-acid
content of proteins. Blochem. J. UQ. 47°-48l*
McOeer, E.G., McOeer, P.L. and McLennan, H, (1961).
The inhibitory action of 3-hydroxytryptamlne,
gamma-aminobutyric acid (OABA) and some other
compounds towards the crayfish stretch receptor
neuron. J. Meiiroohem. £, 36-49*
McOeer, P.L. (1984). The distribution of histamine
in cat and human brain. In Coffipa;reUYfi ffgmre-
chemistry, ed. Riehter, D., pp. 387-391*
London1 Pergamon Press.
Mclntire, P.O., White, F.B. and Sproull, M, (1950),
The determination of histamine with 2,4-Dinitro-
fluorobenzene« Arch. Blochem. Bionhvs. £2, 376-
386.
Magee, W.L., Berry, J.F. and Rossiter, R.J. (1956).
Effect of chlorpromazine and azacylonol on the
labelling of phosphatides in brain slices.
BjQfihta. biPPters. A<?ta Zl» 408-409.
Markwardt, P., Barthel, W. and Glusa, E. (1966). Die
Ver&nderungen des Serotonin- und Histamlngehaltes
der Blutplattchen unter dem Einfluss von
Lokalanaesthetica. Arch, exn. Path. Pharmak. ££2,
336-344.
Matsuoka, M., Yoshida, H. and Imaizumi, R. (1964).
Distribution of catecholamines and their catabolites
in rabbit brain. B^pghla. bl<??kY8» Acta §£> 439-
441.
209
Hichaelson, A. (1967)* Spermidine: a contaminant
in the n-butanol extraction of brain in the
fluorometric assay of histamine.
siargPi fI* -pft3raaQ9l. 1» 378-382.
Miehaelson, I.A. and Coffinan, P.Z. (1967). The
association of histamine with nerve endings in
the dog hypothalamus. PfrsraafiQlOfflat £, 348.
Michaelsoai, I .A. and Dowe, 0. (1963). The subcellular
distribution of histamine in brain tissue.
sjQflto, Pftamflggl* 12* 949-936.
Michaelson, I.A. and Whittaker, V.P. (1963). The
subcellular localization of 5-hydroxytryptamine
in guinea pig brain. PfrMflfigol. 12* 203-
211.
'
Minard, D. (1937). The presence and distribution of
histamine-like substance in blood.
4IB61C* % < fiftyiiSt» 375.
Minard, D. (1941). The presence and distribution of
histamine in blood. Afflcr, ?. PkYgjQj. 132» 327-
335.
tfongar, J.L. and Schild, H.o. (1950). Apparatus for
pharmacological assay. $, ?,Aygi9i. 111* 47P.
Monnier, M. (i960). Actions e'lectro-phyaiologiques des
stimulants du systems nerveus central. I. Systems
adrenergiques, cholinergiques et neurohumeurs sero-
toniques. Ayqfo, jafr« ffftflraaggftTO. 122* 281-301.
Monnier, M. and Tissot, R. (1958). Action de la
Reserpine et de ses Mediateurs (fMhydroxytryptophan-
Serotonine et Dopa-Noradrenaline) sur le comporte-
ment e le serveau du lapin.
HgiTt PhyaitiU ptowgfflt .Acta 16, 255-267.
Murphy, Q.P. and Sourkes, T.L. (1959). Effect of
catecholamine acids on the catecholamine content
of rat organs.
PfiT.a fiiQl* 4&* 379—388.
Murphy, G.P, and Sourkes, T.L. (1961). The action of
antidecarboxylases on the conversion of 3,4-
dihydroxyphenylalanine to dopamine 4a vlYO*
Argftt ftiffShfifflt fiiQPfrrg* 23> 338-343.
210
Heame, K.D. (1961)# Uptake of amino acids by mouse
brain slices. J. Neurochem. 6, 358-366,
Neame, K.D. (1962). Uptake of L-histidlne, L-proline,
L-tyrosine, L-ornithine by brain, intestinal
mucosa, testes, kidney, spleen, liver, heart
muscle, skeletal muscle and erythrocytes of the
rat JLft yl.te* J. Physiol. £g£, 1-12,
Neame, K,D» (1964). Uptake of histidine, histamine
and other imidazole derivatives by brain slices.
J* Ul» 655-662.
/
Hepryakhin, G.G. (i960). On mast cells in the nervous
system. ArshlY 22 (IP.), 53-59.
tl
Oehme, Y.C. (1913). Uber die Wirkungsweise des
Histam ins. AfffihlY, jPfiffi, Pfrftnaaft. Z2» 76-96
Padawer, J. (1957). Studies on mammalian mast
cells. Trma. p,Y. Acaa. sgj. 49 C6), 690-713.
Parkes, M.W. (1961). Tranquillizers. In Progress
in Medical Chemistry, vol. 1, ed. Ellis, O.P.,
pp. 72-131. London: Butterworths.
Parrat, J.R. and West, G.B, (1957). Release of 5-
hydroxytryptaraine and histamine from tissues
of the rat. J. Physiol. 1^57. 179-192.
Perry, T.L., Hansen, S., Poulks, J.G. and Ling, G.M.
(1965). Aliphatic and aromatic amines of cat
brain. ?, Ngqregfrgffl. 397-405.
Perry, T.L., Hansen, S. and Jenkins, L.C. (1964).
Amine content of the normal human cerebrospinal
fluid. J. Neurochem. H, 49-53.
Pileher, J.D. and Sollmann, T. (1914). Studies in the
vasomotor centre. XII. The action of ergot and
its constituents, ergotoxin, and histamine.
iU ffftarraasQA. k* 385-389.
Plsano, J., Abraham, D. and Udenfriend, S. (1963).
Gamma-Aminobutyrlhistidlne in brain.
TT» toropsysft* k* 264-265.
211
Pletseher, A. (1963)- Drug-induced alterations of
monoamine metabolism. In The Clinical Chemistry
of Monoamines, ed. Varley, H. and Gowenlock, A.H.f
PP. 191-20ii.. London: Elsevier.
Pletscher, A., Gey, K.F. and Burkard, W.p. (1966).
in ifangbpox qt sfrpertfflfintal ffranaagQlgftyt vol. 19,
5-Hydroxytryptamine and Related Indolealkylamines',
ed. EicHfer, 0. and Farah, A., pp. 613-618.
Berlin: Springer-Verlag.
Pletscher, A., Shore, P.A. and Brodie, B.B. (1956).
Serotonin as a mediator of reserpine action in
brain. J, PbOTaffftl* 81+-89.
Pyman, F.L. (1911). Aminoalkylglyoxalines.
A.,. »i 11 33>t 2172-2183*
(uensel, 0. (1928). Some investigations concerning
mast cells. Agtft Dfttfo* ffllcrgfrlgli Bfiflftd*
Reid, J.D. and Shepherd, D.M. (1963). Inhibition of
histidine decarboxylase.
Life Sci. i, 5—8.
Rlesser. 0. (1937). Histaminstudien.
*a Arfih» .g^p. gatftt Ptoarwsftpl*187. 1—21.
Riley, J.F. and West, G.B. (1955). Tissue mast cells.
Studies with a histamine liberator of low toxicity
(compound 1+8/80). J. Path. Bact. 69. 269-282.
Robinson, J.D., Anderson, J.H. and Green, J,P. (1965).
The uptake of 5-hydroxytryptamine and histamine
by particulate fractions of brain.
J. pftanaflw*. l&Z. 236-21+3.
Robinson, J.D. and Green, J.P. (1961+). Presence of
lmldazoleacetic acid riboside and rlbotide
in rat tissues. Nature. Lond. 20"$. 1178-1179.
Robinson, J.D. and Green, J.P. (1965). Evidence for the
presence of imldazoleacetic acid riboside and
ribotide in the rat tissues.
Pfgg. Skf 777.
Rocha e Silva, M. (191+1+). Inhibition of histamine
effects by compounds of histamine, histidine and
arginine. J. Pharmacol. 80, 399-408.
212
Rocha e Silva, M. (1950), The role played by leucocytes
and platelets in anaphylactic and peptone shock*
A|r^n1 N.Y. Acad- Sal, ^0, 101*5-1067.
Rocha e Silva, M. and Essex, H.E. (19h2). Effect of
animal poisons (rattlesnake venom and trypsin)
on blood histamine of guinea pigs and rabbits.
After. a*. 135, 372-377.
Rocha e Silva, M., Orana, A, and Porto, A. (1945).
Inhibitory effect of glycogen upon anaphylactic
shock in the rabbit.
PfQg, 3gCi fiXP, PIPii 55, 57-61.
Roos, B.-E. and Werdinius, B. (1962). Effect of
reserpine on the level of 5-hydroxyindoleacetic
acid in bralh. Life Sol. 3, 105-107.
Roos, B.-E, and Werdinius, B. (1963). The effect of
a-methyldopa on the metabolism of 5-hydroxytrypta-
mine in brain. Ufg, vQl- 2, 92-96.
Rose, B» (191*1). Studies on the histamine-content
of the blood and tissues of the rabbit during
anaphylactic shock. J. Immunol. 1x2. 161-180*
Rose, B. and Browne, J.S.L. (1938). The distribution
and rate of disappearance of intravenously
injected histamine in the rat.
A»er, if, iPhyalel* 12k, ki2-i*20.
Rose, B. and Weil, P. (1939). Blood histamine in the
rabbit during anaphylactic shock.
Prog, SQQ. exp. Blglt k2, U9k-h96.
Rosengren, B. (i960). Are dihydroxyphenylalanine
decarboxylase and 5-hydroxytryptophan decarboxylase
individual enzymes? Acta nhrBiol. scand. i£, 36!*-
369.
Rosenthal, 3.M. and Tabor, H. (19U8). An improved
colorimetrie method for the estimation of histamine.
J, Pftarmwl. 52, k25~k3i.
Rothschild, 2. and Schayer, R.W. (1956). Synthesis and
metabolism of a histamine metabolite, lvmethyl-l*-
(p-aminoethyl)-Imidazole•
BjggkAflu ftigphys, Mia 35, 23-27.
213
Rothschild, A.ii* and Schayer, R.W. (1959)• Characteri¬
sation of histidine decarboxylase from rat
peritoneal fluid mast cells*
Blochlm. "hlophva. Acta 392-396*
Sankar, S.D.V., Fhipps, E., Oold, E* and Sankar, D.B.
(1962)* Effect of LSD, BOL and ehlorpromasine
on "Neurohormone" metabolism*
4ftRa.i fftTt Aftfl&tmi96 (l)« 93—97•
Sehayer, R*W* (1952). Biogenesis of histamine*
ft Cfoga* 122* 245-250.
Schayer, R*W. (1956a)* Formation and binding of
histamine by free mast cells of rat peritoneal
fluid* Mfift ft ifaYBitiU 2M» 199-202*
Schayer, R.W* (1956b). Formation and binding of hista¬
mine by rat tissues Aa vitro.
MffiE*. ft Pftyalgl. MI* 63-65.
Schayer, R.W* (1959). Catabollsm of physiological
quantities of histamine ifl vivo.
^*91, RgT* 32, 116-1267
Schayer, R.W. (1962). Evidence that induced histamine
is an intrinsic regulator of microclrculatory
system. Aatr* f, EtiyaitfL. 202, 66-72.
Schayer, R.W* (1966). Catabollsm of histamine in vivo.
In Handbook of Experimental Pharmacology, vol. 18/1,
histamine and Antl-histamines', ed* Eichler, 0* and
Farah, A., pp. 672-683. Berlins Springer-Verlag.
Slayer, R.W, and Karjala, S*A* (1956). Ring-N-aethyl-
ation, a major route of histamine metabolism*
ft Ghgffi. mI, 307-313*
Schayer, R.W* and Kobayashi, Y. (1956). Histidine
decarboxylase and histamine binding in rabbit
platelets* ?TOgt s9g, tfCPt SlPl, Mgfl* 22, 653-655.
Schayer, R*W. and Sestokas, E. (1965). Suppression
of histamine synthesis in guinea pigs by a-methyl-3,
4-dihydroxyphenylalanine •
ftlftghlm. Etotorg. Acta 111, 557-556.
214
Schild, H.O. (19-1+7)• The use of drug antagonists
for the identification and classification of
drugs, Br.ltt A, 2, 251-236.
Schmiterlow, C.G. (1990). Seme remarks on the
determination of histamine with special reference
to horse blood. Afita PkYBiffln gfififtfl. 12, 260-269.
r. .» ■ t '■
Schurr, P.E,, Thompson, H.T., Henderson, L.M., Williams,
J.N., Jr. and Elvehdem, C.A. (1950). The
determination of free amino acids in rat tissues*
A« bidlt ?fosa« l&Z* 39-45*
Schwartz, A., Reigert, A. and Bricka, M. (1938)*
Contribution au microdosage des imidazole, en
particulier de l*histidine, dans le serum sanguin.
C.R. SoCm Biol.. Paris. 1291 1159—1162.
Shore, P.A. (1962). Release of serotonin and catechol¬
amines by drugs. Phanafl<?9l> PfiY» Ik, 531-550.
Shore, P.A. and Brodie, B.B. (1957). Influence of
various drugs on serotonin and norepinephrine in
brain. In Psychotropic Drugs, ed. Oarattlni, S.
and Ghetti, V., pp. 423-427* Amsterdamt Elsevier*
Shore, P.A., Burkhalter, A. and Cohn, V.H. Jr. (1959)*
A method for the fluorometric assay of histamine
in tissues. An PtolMtftPll- 12Zt 182-186.
Shore, P.A., Pletscher, A.# Tomieh, E.G., Carlsson, A*,
Kuntzman, R. and Brodie, B.B. (1957)*
Role of brain serotonin in reserpine action.
AJMtiiiifftiXni Afiflfln, fiiffi* l&Jjl, 609-617.
Shore, P.A,, Pletscher, A., Tomich, E.G., Kuntzman, R.
and Brodie, B.B. (1956). Release of blood
platelet serotonin by reserpine and lack of
effect on bleeding time. J. Phawnacol- 1XL* 232-
236.
Smith, S.E. (I960). The pharmacological actions of 3,4-*
dihydroxyphenyla-methylalanine (a-methyldopa), an
inhibitor of 5-hydroxytryptophan decarboxylase.
Brit, J, ga&aa&gsl* 15, 319-327.
Snyder, S.H. and Axelrod, J. (1964). Inhibition of
histamine methylation is vivo by drugs.
BlQchsBn, Pharmacol. 13, 530-537.
215
Snyder, S.H. and Axelrod, J. (1965). Tissue
metabolism of '*C-histamine la vivo.
PQ4i pfQS. 2k* 774-776.
Snyder, S.H., Axelrod, J. and Bauer, H. (1964). The
fate of l4,C-histamine in animal tissues.
J, 14k, 373-379.
Snyder, S,H,, Baldessarini, R.J. and Axelrod, J. (1966),
A sensitive and specific enzymatic isotopic assay
for tissue histamine. J. Pharmacol. 153. 544-549.
Snyder, S.H., Glowinski, J, and Axelrod, J. (1966),
The physiologic disposition of 3H-histamine in the
rat brain. J, gfaflCftaSfll.
Sokoloff, L, (1959). The action of drugs on the
cerebral circulation. Pharmacol. Rev. H, 1-85.
Sokoloff, L, (1961). Local cerebral circulation at
rest and during altered cerebral activity induced by
anaesthesia or visual stimulation,
in Regional Iteaaaflfafia&atgfc* ed. Kety, s.s. and
Elkes, J., pp. 107-117. London: Pergamon Press.
Sourkes, T.L. (1954). Inhibition of dihydroxyphenyl-
alanine decarboxylase by derivatives of phenyl¬
alanine. Arch. Blochem. Bionhvs. £1, 444-456.
Sourkes, T.L. (1965). The action of a-methyldopa in the
brain. Brit. Med. Bull. 2k* 66-69.
Sourkes, T.L. and Murphy, G.F. (i960). Effects of
catecholamine acids on catecholamine (CA) content
of rat organs. Fed. Proc. 19, 295.
Spector, S. (1963). Monoamine oxidase in control of
brain serotonin and norepinephrine content.
Ajtffli, 1 ,T, . IP.?., (.I),> 856—864.
Spector, 3., Kuntzman, R,, Shore, P.A. and Brodie, B.B,
(i960). Evidence for release of brain amines
by reserpine in presence of monoamine oxidase
inhibitors: implication of monoamine oxidase
in norepinephrine metabolism.
J t Rtomcrt. 131, 256-261.
Spector, S., Shore, P.A, and Brodie, B.B. (i960).
Biochemical and pharmacological effects of monoamine
oxidase inhibitors, iproniazid, 1-phenyl-2-hydra-
zino-propane (J3 835). J, PtoEtafiQl. 124, 15-21.
216
Strengers, T. and Maas, J.W. (1956). Studies of histamine
IV. On free and bound histamine. Acta a^lerf. 10.
130-135.
M
Szeberenyi, S. and Kovacs, K. (1959). Uber den EinfluBs
endokriner Factoren auf den Histaraingehalt des
Hypothalamus der Katte. ffflturwia.gCftfiChaf ten. M»
. 581-562.
Tabor, H. (1951). Diamine oxidase. J. blol. Chem. 2J&,
125-136.
Tabor, H. (1954). Metabolic studies on histidine,
histamine and related imidazoles. Pharmacol. Rev. £,
299-343.
Tabor, H. and Hayaishi, 0. (1955). The excretion of
imidazoleacetic acid riboside following the admin¬
istration of imidazoleaeetic acid or histamine to
rats. J. Amer. chem. Soc. JJt 505-506.
Tallan, H.H., Moore, 3. and Stein, W.H. (1954). Studies
on the free amino acids and related compounds in
the tissues of the cat. J. hiol. Chem. 21;l. 927-939.
Tallan, H.H., Stein, W.H. and Moore, S. (1954). 3-Methyl-
histidine, a new amino acid from human urine. £»
friol. ghem. 206, 825-634.
II
Tarras-Wahlberg, B, (1937). Uber den Histamingehalt der
Haut nach Ultraviolettbestrahlung. Klin, iffachr. 16(2).
958-960.
Trendelenburg, U. (1957a). Stimulation of sympathetic
centres by histamine. Circulation Res. £, 105-110.
Trendelhburg, U. (1957b). The action of histamine,
pilocarpine and 5-hydroxytryptamine on transmission
through the superior cervical ganglion. J. Physiol.
135. 66-72.
., 11
Tsusaki, V.T., Eriguchi, K. and Kojo, Y. (1951). Uber
die basophil granulierten zellen im plexus choroideus,
XQfcohaiaa 8uU* £» 110-117.
217
Udenfriend, S. (1958)* In 5-Hvdroxvtrvntamlne. ed. , Lewijs
Q.P., p. 48. Londons Pergamon Press,
Udenfriend, S., Loveriberg, W,M. and Weissbach, H, (I960),
L-Amino acid decarboxylase activity in mammalian
tissues and its inhibition by a-methyldopa.
7.
Udenfriend* S, and Weissbaeh, H, (1958), Turnover of
5-hydroxytryptamine (serotonin) in tissues, Proc.
Sfigk J3PU Si0,1 ■ Med*» 31$ 748-751,
Udeiifriend, S., Weissbach, H,, and Bogdanski, D. F. (1957)«
Increase in tissue serotonin following administration
of its precursor 5-hydroxytryptophan, J. biol. Chem
22h. 803-810,
Ungar, 0, and Witten, J,W, (1963), Increase in brain
histamine caused by tremorine. Fed- Prnc. ££, 273.
Valentine# W.N. . Lawrence, J,S, f Pearce, M.L, and Beck,
W.S, (1955). Ibe relationship of the basophil to
blood histamine in man. Blood IPr 154-159*
Vartiainen, A. (1935)* The action of certain new histamine
derivatives. J. Pharmacol. 265-282.
Virno, M., Gertner, S.B. and 3ovet, D. (1956). Action of
histamine on the Jugular venous pressure and cerebral
circulation of the dog. Effects of antihistamine
drugs (pyrilamine and chlorpheniramine) and a hista¬
mine liberating agent (48/80 B.W.). J. Pharmacol-
<U£» 63-76.
Vogt, M. (1954), The concentration of syrapathin in
different parts of the central nervous system under
normal conditions and after the administration of
drugs, J. Physiol. 123. i4.5i-L.8l.
Vogt, M. (1959). Catecholamines in brain, Pharmacol.
£SZ>JUL$ 483-489,
Waalkes, T.P. and Coburn, H. (1959a). Comparative effects
of glycogen and antigen-antibody reactions on
serotonin and histamine in the rabbit,
JLQ1* 122-125,
218
Waalkes, T*P* and Coburo, H. (1959b). The role of plate¬
lets and the release of serotonin and histamine
during anaphylaxis in the rabbit. J. Allergy J&,
394-407*
Waalkes, ?•P. and Coburn, H* (i960)* Studies on the
relationship of the release of serotonin and histamine
by chemical means, to anaphylaxis in the rabbit* £•
Allergy 2L* 395*405*
Waalkes, T.P, * Coburn, H* and Terry, L*I*» (1959)* The
effect of reserpine on histamine and serotonin* £*
Allergy 3a. 408-414*
Waalkes, T*P. and Weissbach, H* (1956). Iql yjyg, release
of histamine from rabbit blood by reserpine* i-pqc.
SAG. exa<, glol. Med. 93. 394*396.
Walaszek, E»d* and Chapman, J.E. (1963)* Abstracts of
papers: 2nd International Pharmacological Meeting,
Prague 20-23 Aug* , giftfihefiU, FtoBSfigl* 19. 36
w
Waldeyer, W, (1373)* Uber Bindegewebszellen. Arch, mikr.
AaaJU 19. 176-194.
Wase, A*W«, Christensen, J* and Polley, E*H* (1956).
Accumulation of 353-chlorpromazine in brain* Arch.
Neurol* Psychlat. * Chicago. 54*56.
Waton, N,G* (1956). Studies on mammalian hiatidine
decarboxylase. Brit. J. Pharmacol. JJL, 119-127*
Waton, N.G* (1963)# Histamine as an impurity in samples
of histidine* d. ghsra*. 13. 574-578r
Weil-Malherbe, B* , Posner, H*S. and Waldrop, P.N. (1962).
The alleged effect of schizophrenic serum on rabbit
brain catecholamines* Ann. N.Y. /lead. 3cl. 9,6(1),
419*424.
Weissbach, H,, Bogdanski, D.F* and Udenfriend, S. (1958).
Binding of serotonin and other amines by blood
platelets* Arch. Biocham. Bioahva. 13, 492*499*
219
Weissbach, H., Lovenberg, W, M,, U&enfriendf S« (1961).
Characteristics of mammalian histldine deearboxy-
lating enzymes, Bjpshea. tiiPPhYS., 50* 177*179.
* ' '
Weissb&eh, H, and Redfield, B.G. (i960). Factors affecting
the uptake of 5-hyaroxytryptamine in human platelets
in an inorganic medium. J,, tolftjL, Chgffi. 225.*
3287*^291.
Weissbach, H. , Waalkee, T. P. and Udenfriend, S, (1957).
Presence of serotonin in lung and its implication in
the anaphylactic reaction. Scl. 125. 235-236.
WeiBatoach, H», Waalkes, T.P. and Udenfriend, S. (1958).
A simple method for measuring serotonin in tissues*
simultaneous assay of both serotonin and histamine.
frlPl*, 230.9 865-871.
n
Werle, E» (1936). Uber die Bildung von Histamin aus
Hi stidin durch tierisches Gewebe. Blochem. Z. 288f
292-293.
Werle, S. (1961). Heammng der Histidln-Decarboxylase
durch a-Methyldopa. 43, 54-55.
M
Werle, 3, and Aures, D. (1959). Uber die Reiningung und
Spezifitfit der DOPA- Decarboxylase. , PhyalQlt £4fl»U
314, 45-60.
Werle, K. and Herrmann, U.H. (1937). Uber die Bildung
von Histamin aus Histidin durch tlbrlsches Gewebe.
itt&qhgffl. „ ». 13X, 105-121.
M
Werle, E. and Krautzun, K. (1938). Uber die Bildung
von Histamin aus Hlstidin durch tlerische Gewebe. II.
220* 315-324.
Werle, B. and Palm, D. (1950). Histamin in Herven, II.
Slppfteat a. 220, 322-334.
Werle, E. and Palm, D. (1952). Histamin in Herven, III.
222* 255-264.
220
Werle, B, and Schauer, A. (1956), Histamin in Herven.
&», ggSji egg>., Mefl* 12Z» 16-21,
VYerle, B. and Weicken, G, (1949)* Uber das Vorkmmen von
Histamin in Kerven. Bipchen. z. 319. 457-462.
Weschsler, M.B. and Forrest, 1,3, (1959)* A quantitative
method for the determination of chlorpromazlne in
tissues. J. Menrochem. 4. 366-371*
West, G.B. (1957)* Histamine in the nervous system,
in MfitfifaftAliM of the flsrvoua $ygte»» ed. iUchter,
Q,, pp. 578-581. London* Pergamon Press.
Westerholm, B, (1965). Observations on 5-hydroxytryptamiiie
and histamine release from rabbit platelets. Acta.
pftyiBip;L«, agend* &» 257-270.
Westermonn, E., Blazer, II. and Knell, J. (1958)*
Hemmung der serotoninbildung durch a-methyldopa.
Arch. ext>. Path. Pharmak. £2k, 194-205.
• \ ) n " ' *
White, T. (1959)* Formation and eatabolism of histamine
in brain tissues la Yitfg. J- Phvsioi. U&, 34-42.
White, T, (i960). Formation and catabolism of histamine
in cat brain In YlYfl. 2m SjXSiSH* 15£» 299-308.
White, T, (1961a), Inhibition of methylation of histamine
in cat brain, 2, PhYSlQl* 15SL> 191-197*
Y/hlte, T» (1961b). Some effects of histamine and two
histamine metabolites on cat's brain. J. Phvaipl.
152, 198-202.
White, T. (1966). Histamine and methylhistamine in cat
brain and other tissues, grit,. 2m Pharmacol* £&*
494-501.
vVhittaker, V.P. (1959)* The isolation and characterization
of acetylcholine containing particles from brain,
fllqgfrsm* 2> 2Zf 694-706.
221
Williams* J.H.Jr, , Schurr, P.E. and Blvehjem, C.A. (1950).
The influence of chilling and exercise on free amino
acid concentration in rat tissue* J. blol. Cheat. 182.
55-59.
Wilson, A, (19U1). The effect Of adrenalectomy on the
blood histamine of rabbits. J. Fhvalpl. 21+1-21+5*
-^'7 v'yv • . • • - '• ' •
Wislocki, 0*8. and Leduc, E.H* (1952). Vital staining of
hematoencephalic barrier by sliver nitrate and
trypan blue, and. cytological comparisons of neuro¬
hypophysis, pineal body, area postrema, intercolumnar
tubercle and supraoptic crest, J. Gohto. Neurol. <&,
371*1+13.
Yuwiler, A,, Geller, E. and Eiduson, S. (1959). Studies
on 5-hydroxytryptophan decarboxylase* I* ,I& vit^o
inhibition and substrate interaction* Arch. Biochenu
Bionhvs. £fi, 162-173.
w
Zeller, E.A. (1938). Ober den enzyraatischen Abbau von
Histamin und Diaminen. HfilY., OhiB, Acta. 22* 880-890.
Zeller, E.A. (1951). Diamine oxidase. In ThQ BnSYfflCB II,
ed. Summer, J.B, and Myrback, K,, pp. 51+1+-558. New
York: Academic Press.
Zeller, B.A. (1985)* Identity of histaminase and diamine
oxidase, gEflfi. 2k* 766-768.
Zeller, E.A*,wBirkhauser, H., Mislin, H. and Wenk, M.
(1939)* Uber das Vorkmmen der Diamin-oxydaae bed
Mensch, sfiugtier und Vogel. Miteinem Anhang liber
das Vorkmmen der Cholin-esteraBe beim Vogel. .Helv.
ctam. Acta 22* 1381-1393.
Zeller, E.A,, Stern, P. and Blanksaa, L.A. (1956).
Degradation of histamine by monoamine oxidase.
ffgfogwisscosfihaften,, k3» 157.
i«
Zimmermann, A. (1908). Uber das Vorkmmen der Mastzellen
beim Meerschweinchen; Arch, fflite. Anat. Bgflafl. 22*
662-669.
Zon, L.E., Geder, E.T., and Crigler, C.W. (1939). The
presence of histamine in the platelets of the rabbit.
U.S. Pub. Hlth- Reo. 5kL2l, 1978-1986.
